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I~ the preparation of this book, it has been attempted
to bring into convenient form, and within moderate limits,
the more important results of the study and experience
of many engineers, chemists, and biologists who have
within the past quarter of a century exploited the various
methods of sewage disposal. These results are set forth in
a voluminous literature, and are clouded with much specu-
lation and conflicting testimony.

It would not have been possible, even five years ago, to
state with certainty some controlling principles which are
now firmly established, and which are supported by the
most successful practice of the past. That practice was
based on empirical knowledge, and was the outgrowth of
tentative effort. Little by little, it has been justified,
elucidated, and corrected by scientific investigation, —
notably at the hands of Schloessing, Frankland, War-
ington, and the corps of able men who have conducted
the experiments of the Massachusetts Board of Health at
Lawrence. These experiments were more complete than
any that preceded them, and their outcome has been
more practically conclusive: they must be of world-wide
good effect.

In one sense, the art of sewage disposal is now only at

the threshold of its real sucecess, for only now can we work
iil


















GENERAL CONSIDERATION. 3

they are resolved into their elements, their capacity for
harm and for offence is not ended. It does not suffice
to discharge them into a cesspool, nor does it always
suffice to discharge them into a harbor, or into a water-
course, leaving them there to the slow processes of
putrefaction.

The need for improving the conditions of sewage
disposal has long been recognized, and, especially in
connection with large foreign towns, efforts of the most
costly character have been made to obviate accumula-
tions due to the discharge of sewers. The floods made
foul with the wastes of the huge population of London
have been poured into the Thames, until, in spite of
years of effort to relieve that river, its condition has
become, in the language of Lord Bramwell, “a disgrace
to the Metropolis and to civilization.” The millions
expended since 1850 on the still unsolved problem
have not thus far effected more than a mitigation of the
evil. London is to-day, apparently, as far as ever from
its ultimate solution, though of course the former direct
discharge of sewage all along the river front, and the
resulting local stench, have been suppressed. The case
grows in gravity with the growth of the population, and
measures which promise success when adopted are not
able to cope with the greater volumes produced later.
‘While substantial relief has been secured in the case of
other towns in England and on the continent of Europe,
there is not generally as yet such an early and complete
reduction of organic wastes, without offensive putre-
faction, as the best sanitary condition demands.
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In our own country, New York City and the towns
on the Mississippi, and on other very large rivers, have
such tidal and flood conditions as to secure satisfactory
disposal by dilution and removal. At Boston, Phila-
delphia, and Chicago, the needed relief can, under the
methods adopted, be secured only by works of the
greatest magnitude and cost, while the smaller towns
have, as a rule, yet to devise methods by which, unless
they are exceptionally well placed, they can destroy
their wastes at a practicable cost. The importance
of relief is being more and more realized, but the
means of relief are little understood by the people.
A wider appreciation of the efficiency of these means
is a necessary condition precedent to general improve-
ment.

Systematic works, chiefly by removal through inter-
cepting sewers, have, until recently, been confined to
cities. Smaller towns are now perfecting their methods
of removal, and there is a growing desire to find means
for purifying the outflow which will not cost more than
can be afforded. Interest is also growing among house-
holders, who are becoming convinced of the dangers of
cesspools, with their retention of putrefying wastes
within contaminating reach of houses and of their
sources of water-supply.

In its progress thus far, the art of disposal has
worked itself out mainly by progressive practice. It
began in the instinctive desire to get offensive matters
out of sight. As new difficulties presented themselves,
and as the requirements of a better civilization arose,
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new methods were devised for better concealment in the
ground, or better removal by sewers. In fact, such
concealment by the use of vaults and cesspools, and
removal by large sewers, still remains, with the majority
of the people, the accepted method of dealing with the
more obvious difficulty of the situation. The difficulties
which are not so obvious, the serious ultimate difficul-
ties, these methods fail to relieve. It is hardly half a
century since the dangers of incomplete sewage removal
were appreciated and radical measures of relief were
attempted. In London, large brick sewers, not only in
the streets, but under and about houses, which had long
existed as the seats of foul deposits, now had their con-
dition pointed out, and a * Blue Book ™ of the British
Parliament, published in 1852, set it forth in a manner
to secure effective attention. It was shown that these
sewers and drains were so large that they could not be
kept clean by their natural flow. It was then that the
movement for the use of pipes for sewerage and house
drainage received its first great impetus.

In 1857 there was presented to Parliament a report
by Henry Austin, C.E., on the means of deodorizing
and utilizing the sewage of towns. There followed,
not only an improvement of much of the local drainage
of London, but the carrying out of a plan for keeping
foul sewage out of the Thames, by collecting it in
reservoirs some miles down the river, to be discharged
at the beginning of the outgoing tide. As has already
been intimated, this work was ineffective, so far as the
main purpose of purifying the Thames was concerned,
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solution of this great question of the future. Tts final
solution implies a better acquaintance with the ulti-
mate methods of organic decomposition and filtration
than any one now possesses. It seems, however, as
though the scientific world had at last reached the
threshold of real knowledge concerning the processes
by which organic matter is converted into those mineral
compounds which, inoffensive and innoxious in them-
selves, become, in the economy of life, the direct food
of growing plants. It is these processes that we must
employ in the successful destruction of all organic
waste other than such as is consumed by fire. They
go on in spite of us; we may delay them, or conceal
them, or change the seat of their activity; we may
hasten them, or modify them, but we cannot prevent
them. Sooner or later, by combustion, by direct putre-
faction, or by indirect fermentation, they will work
their destructive end, bringing all matter that has once
lived again back to the domain of life. The cycle is
unceasing, and according to our action concerning it,
or according to our neglect, will its influence be good
or bad. Thus far, we are not quite sure how our action
should be guided.”?!

During the years that have since elapsed, the most
important investigations of the Massachusetts State
Board of Health, carried on at the experiment station
at Lawrence, under the direction of Mr. Hiram F. Mills,
C.E., have confirmed the theories then held, and have
thrown much light on the methods by which they may

1 Sewerage and Land Drainage, Waring, p. 233,
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is surely worth while to do it well. Half-way meas
ures, like chemical precipitation, may satisfy present
legal demands, and they may, in exceptional cases, be
advisable, but they will not meet the requirements of
the better-informed public opinion that is now grow-
ing up. The means for entire purification are within
reach, and imperfect results will not long be accepted
as sufficient.

In practical work, two cardinal prineiples should be
kept in view, and should control our action: —

() Organie wastes must be discharged at the sewer out-
let in their fresh condition,— before putrefaction has set
ey and

(0) They must be reduced to a state of complete oxida-
tion without the intervention of dangerous or offensive
decomposition.

In considering the requirements of disposal, we
should not be too much influenced by the experience
and practice of England, where a natural tendency to
conservatism has led to the continued use of methods
which would not have been adopted had engineers
known twenty years ago what is well known now. It
is not unusual to see it stated in discussions of this
subject, that English experience points to the provision
of one acre of sewage irrigation land for each hundred
of the population, and projects for irrigation are some-
times rejected because of the great cost that would thus
be entailed. The fact is, that no such great amount of
land is required for the proper treatment of the foul
elements of the sewage. If needed at all, it is needed
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only to meet the demand of great floods of storm water,
sent to the fields at a time when they are already
saturated with rain.

This difficulty is sometimes insuperable, in connec-
tion with the use of sewers to which storm water from
the whole town has access, and such cases must be con-
sidered by themselves. Where all storm water is
excluded from the sewers, this difficulty does not exist,
and the irrigation area may be limited to an amount
that will, when wet with rain, still admit the volume
necessarily resulting from the copious use of water in
our houses. Just what this limit is to be, cannot now
be determined. It will vary according to the character
of the soil. Clay and peat will absorb much less water
than loam, sand, and gravel will, and ground underlaid
with a porous subsoil, or thoroughly underdrained, will
absorb more than ground underlaid by undrained, com-
pact clay. At the same time, if only heavy land is
available, this may be much improved by artificial
drainage, and the freedom of its drainage will increase
as time goes on, so that it will ultimately be able to
cope with an increased flow.

In all forms of irrigation and filtration disposal, inter-
mittent application is the key to success. Complete-
ness of purification may be favored by long intervals,
but capacity for purifying large volumes calls rather for
intervals as short as will suffice to get rid of surface
accumulations and to maintain a pure effluent.

The oxidizing organisms are short lived. When
their food has been consumed, they disappear, and their
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Penn., a protesting neighbor, who had apprehended
an insufferable nuisance from the disposal field, soon
expressed a regret that his land was not so situated
that the sewage could be made to flow over it.

If there is still room for doubt on any point, it is as
to the character of the few bacteria which escape the
action of the process employed and are found in the
effluent. It is not known that disease germs ever exist
among these, and it is altogether probable that they do
not. So far as these organisms are understood, it is
thought that they cannot withstand the destructive
activity of the oxidizing and nitrifying organisms which
are always present, and it is believed that only these
hardier organisms exist in the effluent of land-purifica-
tion works. Certain it is that no instance has been
reported where contagion was carried by such effluents,
and experience at Gennevilliers has shown that typhoid
fever and cholera, when rife in Paris, were completely
arrested at the irrigation fields. At Berlin, also, it is
stated that no disease has been suspected of having been
communicated by the sewage to any one of the large
population of the irrigation farms.

In the Massachusetts table of comparison of the purified
effluent of seven sewage filters and the waters of seven
wells used for drinking by many persons, it is shown
that there were three and a half times as many bacteria
in the well waters as in the effluents. It is perfectly
safe to say that, of all methods thus far devised for
purifying sewage, its proper application to land has
secured much the most complete destruction of bacteria,

c
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bacilli of cholera and other diseases of the digestive
organs. Even so clever and practical a man as the late
Fleeming Jenkin, F.R.S., Professor of Engineering in
the University of Edinburgh, published, some fifteen
years ago, a project for establishing two distinct systems
of piping in every house, for the separation of faecal
matter from other wastes. Professor Jenkin’s lectures
were edited for publication here by the present writer,
with no other qualifying remark as to this theory than
that, “with the best American workmanship, the con-
stant American practice of making the two systems in
one is entirely safe, and its simplicity and economy are
commended.”

The Liernur system of sewerage is based on this
idea, that danger lies solely in fecal matter, and on the
notion that this contains the chief manurial value of
our excret®. A very ingenious Russian invention,
shown at the Columbian Exposition, had, as already
stated, for its chief purpose the separation of the more
insoluble portion of the faeces from its soluble portion,
and from urine and other liquids.

All this is gross fallacy. While feeces are originally
most offensive, and while they are, as has been said,
subject to a certain class of infection before they leave
the body, they are, as an element of sewage, relatively
unimportant in amount, and their infection may be
instantly communicated to other wastes with which
they come in contact. Their odor also is ephemeral.
It is due to an exhalation of gases, which is suppressed
as soon as they are submerged.
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“The table on page 1128 [omitted herc] has bee
adapted from Letheby. The quantities given are someg.
what below the normal. The facts were collected from
a number of sources, the ratio of children to adults
being that adopted by Roderer and Eichhorn.

“My own experiments would lead me to give one
pint as an average quantity of urine passed by children
daily, up to the age of ten years, the quantity gradually
increasing up to three pints in the adult. The solid

“constituents of the urine which, at the age of ten, are
on an average 0.8 ounces daily, increase, according te
my observation, up to 2.5 ounces in the adult. The
quantity passed by girls and women is rather less than
that passed by boys and men.

*The feces passed by girls and women are consider-
ably less than that passed by boys and men. The
calculations in the table state the amount as less than
one-third. My own observations, however, scarcely
support these numbers. It would, I think, be more
accurate to regard the fmcal matters passed by femal
children and adults as about one-half that passed by
male children and adults.”

The general showing of the omitted table is to the
effect that, while there is two and a half times as mucl
solid matter in the urine as in the fwces voided by an
adult man, there is more than two and a quarter times
as much in the voidings of persons of all ages and hotl
sexes, when taken in the proportion in which they
ordinarily exist in town populations.

In these wastes, as in all others, the pure water con-
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tained may be entirely disregarded. Attention is
demanded only by the solids associated with it, and
the solid parts of the fieces are not more than one-third
of the total solids of the voidings. The solids con-
tained in elements of sewage due to other sources — of
an equally troublesome character, and ultimately of
equal manurial value — still further reduce its propor-
tion. We must, therefore, without in any wise belittling
the importance of fecal matter as an element to be dealt
with, give even greater attention to other wastes, which
have too often been considered as secondary.

There is, of course, in all domestic sewage, a large
amount of woody fibre and other non-nitrogenous mate-
rial, which by itself is neither offensive nor dangerous ;
but diffused through the mass, and made difficult because
of it, there is a large amount of other material. It is to
this that the work of purification is really directed.

We see, therefore, that the outflow of a system of
separate sewers contains, borne in a vast volume of
water, much comminuted rubbish of an innoxious char-
acter, and intimately associated with it, other matters
containing nitrogen, which may be infected with minute
organisms capable of conveying disease, and which may,
in any case, give rise to a serious nuisance, contaminat-
ing air, water, and soil, and inimical to the sense of
decency, to the comfort, and to the health of the people.

This dangerous element, with the less objectionable
solids accompanying it, is to be separated from the
water which serves as its vehicle and subjected to pro-
cesses which will destroy it.
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extreme dry-weather flow, provided for in view of the
future growth of population. During even light rains,
therefore, the sewer will carry continuously a volume
larger than the extreme estimate for the moment of
oreatest use of a remote future.

For example, if we assume the case of a growing
town of 5000 inhabitants, with a daily consumption of
60 gallons per head, or a total of 300,000 gallons, it
~would not be unreasonable to provide for a future
population of 25,000, and, in view of possible future
contingencies, to place the ultimate water consumption
at 100 gallons per head, or a total of 2,500,000 gallons.
On this basis, the overflow would have to be put high
enough to allow an extreme discharge of about 3000
gallons per minute, with a good margin to spare.
Therefore the constant flow, during any considerable
rain, would be in the neighborhood of 5,000,000 gallons
(allowing for margin) per day, against a dry-weather
flow of 300,000 gallons now, and a possible 2,500,000
gallons ultimately. This would require an irrigation
area, or a filtration or chemical plant, eight times as
large as the present dry-weather requirement, and twice
as large as the possible, but not probable, ultimate
requirement.!

2. The strong flow reaching the sewers from street
gutters is not mere diluting water. It comes laden
with gravel, sand, silt, horse droppings, leaves, paper,

1 Of course it would be possible to modify this condition by starting
with a low overflow and raising it as population increases, but even
then the increase volumed due to rainfall would be vastly beyond the
volume of the dry-weather flow,
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not cause a nuisance, may flow into a body of water
from which no drinking supply is taken.

These different ends may be attained by processes
varying in kind or in degree, the selection to be made
according to convenience and cost.

In the great majority of cases it will probably be
deemed best, especially with a view to possible closer
exactions in the future, to proceed at once with such
measures as will lead to complete purification, or, when
recourse must, for any reason, be had to chemiecal pre-
cipitation, to the most complete development of that
method of treatment. The tendency of popular senti-
ment is toward an inecrease of cleanliness and comfort,
and toward a stricter regard for sanitary conditions, so
that the chances are that the demand for a complete
purifying of our sewage will increase. This tendency
is certainly not likely to diminish, and it will be wise
to take this into consideration in establishing the
standard of purity to be reached.

This question, as to the degree of purification that
is demanded, must be determined at the outset. If
it must be complete, then the choice of method lies
between irrigation and filtration, for no other process
thus far devised will secure this. If something less
than completeness is decided upon, then the other
methods indicated are also to be considered; and they
are variously available, according to the degree of
completeness required.
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position, from the first fermentative softening of the less
stable carbo-hydrates to the final nitrification and ulti-
mate chemical change of the ammonia compounds into
which the albuminoid matters are first resolved, are
effected through the agency of living organisms. These
organisms are of many classes and kinds. They act
independently or in association, and produce the most
various results, according to the circumstances and
environment under which they are developed and exist.

Roughly speaking, the destruction of the organic
form is the most rapid and complete when the matters
undergoing decomposition are most minutely divided
and when their particles are most freely exposed to the
air, so that each step of the process may take place in
the presence of sufficient oxygen, and so that its product
may be subjected to the succeeding step under equally
favorable conditions. The worst form of destruction,
on the other hand, is that where the decomposing
matters are in mass, where the free access of oxygen at
all points is impossible, and where the work is done by
another class of organisms, largely pathogenie, capable
of growth without air, under these changed conditions,
and producing very different results.

In this latter case, the foulest odors are given off,
and compounds of a dangerous character may be pro-
duced. In short, we have the worst results of what is
popularly known as “putrefaction.” In the former case
there is a rapid succession of changes, all occurring
under the most favorable conditions, without perceptible
odor, and reducing the matters acted upon to the condi-
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is still much less satisfactory. These are rarely flushed
in any other way than by pouring into them the dirtv
water produced in the operations of the household, and
the flow of even this amount is retarded by the strainer
over the outlet. It is indeed very rarely that the water
passes through the strainer more rapidly than it would
flow through a trap one inch in diameter, while it is the
common custom to use traps having from four to nine
times this capacity (two inches or three inches diameter),
with waste pipes leading from them which are much too
large to be properly flushed by any current they are
called on to carry.  As a result, the successive accumu-
lation of congealed grease, with an attachment of more
or less solid particles, goes on until, by accretion, the
channel is restricted to what the usual flow will be able
to keep open. In such cases, we have no longer a
smooth and direct channel with metallic walls, but a
tortuous passage through a mass of putrid grease, often
several feet in length, with a constant contribution to
the flow of the results of decomposition, and with a
constant foul odor in the effluent.

This may seem to be a trifling matter in comparison
with the large volume of sewage coming from other
sources, but when we remember that in a town of 5000
population there are not fewer than 1000 sinks, we
shall see that the amount of organic wastes that they
contribute bears no insignificant proportion to wastes
coming from other sources, and that it is worth while
to deliver it promptly and in fresh condition. The
objection to large traps of ordinary form applies equally
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to the “pot ” traps of the Boston plumber. These soa
fill with greasy deposits, through which the necessary
water-way is kept open, and, as they hold more deposit
than other forms, they favor correspondingly increased
putrefaction.

The difficulty now being considered is a radical one
and it becomes more and more serious as the volume of
retained matters increases, culminating, in the case of
the large cesspool, with only an “overflow ” connection
with the sewer. Such cesspools are very common in
many towns. In Newport, probably the majority of
houses that are connected with the sewers at all, are
connected in this way. The sewer is not used to
improve the sanitary condition of the house, only to
save the cost of emptying the cesspool. This condi-
tion, of course, so far as these houses are concerned,
reduces the sewage to its worst and most offensive
possible state.

The same objection applies to the use of grease-traps
(the larger, the more objectionable) and to all forms of
catch-basins, retaining solids and allowing only liquids
to pass,— the solids becoming liquid as they putrefy.
It is a curious instance of the meeting of extremes that
Chicago, which prides itself on its modern civilization,
and which gave us such a World’s Fair as the world
never saw before, permits no house to be connected
with the sewer without the intervention of a grease-
trap or catch-basin, which reduces all house drainage to
its most rotten and stinking condition before it reaches
the public sewer,









CHAPTER V.

THE DISCHARGE OF SEWAGE INTO RIVERS AND INTO
THE SEA.

It is not so much the purpose of this book to discuss
the reasons for and against “natural disposal,” —along
with the general drainage of the district,—as to con-
sider the methods of artificial disposal when this is
required. At the same time, there are some considera-
tions relating to natural discharge which demand atten-
tion in any treatment of the general subject.

Those who best understand its details consider that
public economy and advantage are always the most
completely served by direct discharge into a sufficient
body of water, if no public nuisance is now, or here-
after, to be apprehended, if a source of water-supply is
not to be endangered, if the rights of riparian owners
are not to be invaded, and if the fishing industry is not
to be injured.

One consideration which formerly had so much weight
may probably be set aside; that is, the supposed loss of
the elements of fertility involved in the pouring of our
wastes into the sea. The fact is, that the conditions
are exceptional under which we can get back in the
crops of a sewage farm more than the cost of mainten-

41
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1. The volume of flow of a river, or of the tidal
renewal of a harbor, should be sufficient so to dilute the
sewage as to prevent its oxidation from becoming
offensive.

2. The current should be sufficiently strong to pre-
vent deposits, which might, in time, silt up the channel,
or cause a nuisance by their decomposition.

3. The sweep of the current should be such as to
prevent the stranding along the shore of unsightly or
otherwise objectionable objects contained in the sewage.

4. There should be no suspicion of contamination of
water used in the town, or at a distance from it, as a
drinking supply, and there should be no considerable
fouling of a stream used for watering cows.

9. The fouling of water used in industrial processes,
where clean water is required, is actionable. The
possibility of this should in certain cases be regarded
as a bar to crude discharge into a stream.

Where these conditions can be satisfied, crude dis-
charge, or discharge after very partial cleaning, is often
to be recommended. At the same time, we must have
an eye to future conditions and requirements, as well as
to those of to-day. With a view to these, it is some-
times advisable so to regulate the alignment of the
sewers that the possible future need of interception and
artificial purification may be met without too much
change of existing work.

Due regard should be had to the interests and to the
legal rights of riparian owners on the stream below the
town, or of littoral proprietors within reach of the tidal
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movement. In either case, these rights will be more o
less affected, according to the volume of the flowing
waters. The legal rights of these owners are now toler-
ably well defined. They are considered in Chapter XYl

The relation of sewage discharge to the fish industry
has several important bearings. It has been amply
demonstrated that sewage discharged in a putrid condi-
tion, or likely to accumulate to such a degree as to
putrefy in the body of water, has a very marked influ-
ence in destroying fish, or in driving them away;
while, if discharged in its fresh condition, and s
diluted and so kept in motion as to avoid foul decom:
position, it becomes a useful food for them. Huxley,
in comparing the productive capacity of the sea and of
the land, estimated the product of an acre of arable land
or pasture at one ton of grain, or two or three hundred-
weights of meat or cheese, “ while an acre of sea-botton
in the best fishing ground yields a greater weight o
fish every week in the year,” — the amount of the mon
important ingredients not being very different in the
two products.

Referring to this statement, Sir John Lawes, o
Rothampstead asks: * What, then, is the source of this
vast amount of manurial ingredients which is taken out
of the sea, apparently without return?” He shows that
the fertility of a stream for fish, like that of a farm for
its produce, is due to its supply of ingredients of sub-
stantially the same character. He cites the absence of

fish from very pure streams in the Highlands of Scot-
land, and their abundance in streams which receive the

44 MODERN METHODS OF SEWAGE DISPOSAL.
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drainage of manured land, of dog kennels, and of other
sources of phosphate of lime, etc. He says: “Sewage
must therefore largely increase the production of fish,
provided that it is sufficiently diluted, and does not
interfere with their health.” The fish taken by British
fishermen alone off the east coast of England and Scot-
land and the south coast of England, amount to about
600,000 tons per annum, and these contain about 21,000
tons of the three substances, nitrogen, phosphorie acid,
and potash,— the removal of which in crops or stock
impoverishes our soils,

“So long as fish live upon each other, the sea much
resembles a soil covered by a forest untouched by man.
Codfish eat herrings, and they in their turn eat smaller
fish, but there is no exhaustion of ingredients. . . .
There has been a very prevalent impression that the
sewage of London has been wasted. The evidence
which I have brought forward will, I venture to hope,
not only do away with this impression, but will also
establish the fact that it has a decided influence on the
production of fish.”

We need not, therefore, scruple to send sewage to the
sea on the score of a waste of fertility. The computa-
tion would not be easy to make, but it would probably
be shown if it were made that the nitrogen contained
in the sewage flowing from all our cities and towns is
far less than that in the soluble nitrates escaping in the
drainage of fertile lands the country over.

Probably “scruples ” in this matter would have very
little influence on the conduet of the authorities having






CHAPTER VI.

METHOD OF DISPOSAL TO BE SELECTED.

THERE are at least four methods of sewage disposal,
from which we may choose according to the conditions
governing the case under consideration, and according
to our confidence in them. They are: (1) Irrigation;
(2) Filtration ; (3) Chemical Precipitation ; and (4) for
very rough work, Sedimentation. Other methods are
still the subject of experiment.

1. Irrigation is commonly called “broad irrigation,”
but it includes also a preat variety of furrow, trench,
and bed systems, and, in any of its forms, it may, by
increasing the volume of the dose, be converted into

2. Filtration, which is only a more copious irrigation.

In both of these methods it is an essential condition
that the application be intermittent, so that renewed
supplies of oxygen may enter the soil to maintain the
requisite oxidizing processes. Without such renewal,
the decomposition would take on the pernicious form
of putrefaction, deseribed in Chapter IV., which is
maintained by organisms capable of living without air,
and of which the results are offensive and dangerous.
When properly regulated, these methods effect the
perfect purification of the sewage, and the first one the

best development of its fertilizing value.
47
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3. Chemical precipitation comprises all processes by
which the natural tendency to the deposition of solids
in the sewage when at rest, is increased by producing
an artificial precipitate or coagulum in the liquid, which
entangles suspended matters, and carries them down,
Hundreds of patents have been taken out in England
for various combinations of added elements, but those
chiefly relied on are lime, sulphate of alumina, and|
sulphate of iron. Under the best circumstances all
suspended matters are removed from the supernateni
fluid, leaving it clear, but still containing matters i
solution, which are readily putrescible, which produc
renewed discoloration during putrefaction, and whick
have considerable manurial value. Though the bacteris
existing in the sewage may be mainly carried down
some remain, or are received from the air, and thenr
multiplication in the fertile liquid is rapid. Th
removal of organic impurities may reach from &l
to 66 per cent.! The method is attended with the
accumulation of a mass of sludge, which requires &
special treatment, and is often offensive.

“The whole art of treating sewage chemically, as i
is termed, is to precipitate it while fresh; ¢.e. befor
bacterial invasion has so far advanced as to set up active
fermentation. When this is once set up, the results an
very disappointing.” 2

4. Sedimentation is a process of unaided deposition.

1 Mass. Report, 1890, p. 791.

? Report of Lord Bramwell’'s Commission on Sewage Discharge
(1884), p. 220,
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The heavier solids fall to the bottom, but grease and
similar lighter matters, which in chemical precipitation
are involved in the coagulum and are carried down
with it, float at the surface in the form of secum. This
is not fairly to be called a method of disposal, save that
it serves to withhold the grosser parts of the sewage,
which would tend to form deposits and surface pollu-
tion in a stream or harbor, in which the finer suspended
matters might be tolerated. It is sometimes used for
the preliminary purging of sewage, preparatory to irri-
gation or filtration, but even here it is not to be com-
mended, because a rife putrefaction is its inevitable
accompaniment, and its effluent is always foul. Its
resultant sludge is much more offensive in manipulation
than is that of the chemical method.

Among the somewhat fanciful processes that have
been devised, is the “ Amines” method, which was
described by R. Godfrey, C.E., at the Congress of the
Sanitary Institute of Great Britain, at Worcester, in
1889. He said: —

“It is claimed by the inventor of the Amines pro-
cess—and I am bound to confess with very great
reason — that he does effectually destroy the bacteria,
and so remove the possibility of any fermentation
arising.

“The new reagent is produced by the action of lime
on certain organic bases belonging to the group of
“Amines,” orammonia compounds. When these organic
bases are acted upon by lime, a very soluble gas is
evolved, which spreads rapidly through every part of

E
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A quantity of about ten tons lying in the open ground
at the time of my visit was perfeetly inodorous.”

The discussion which followed the reading of Mr.
Godfrey’s paper did not indicate great confidence in the
value of this method. Special stress was laid on the
fact that to sterilize sewage is precisely what we do not
want to accomplish. This 1s at best only postponing
the decomposition, which must, in any case, ultimately

' ensue, and it is not an advantage, as was claimed, that
rwhen the effluent passes into a river it destroys its
:bacteria also, for the bacteria of river water are busy in
ieffecting the oxidation of its impurities.

Latterly a new process of sterilization by the action
¢of ehlorine compounds, produced by the electrolysis of
salt (as in sea-water) has attracted some attention in
\New York under the name of the Woolf process, and in
France under the name of the Hermite process. The
ssterilizing agents thus produced have practically the
isame chemical constituents as *bleaching powder,” and
;similar results would be obtained by the use of the
latter. But the apparent novelty of the process, the
;popular fascination of electrical methods, and the name
,* Electrozone ” given to these agents, have appealed
to the fancy of the public, and results are hoped for
beyond the expectation of those who understand the
true conditions and difficulties of purification on a large
scale.

. The fatal objection to * Electrozone,” *“ Aminol,” and
all other disinfecting and sterilizing compounds, is that,
in so far as they are effective, they are pernicious,









It is sometimes required only that the sewage, in
addition to the withholding of its coarser objects,
should be made as clean in appearance as the water of
the stream into which it is to be discharged. In othe
cases, it needs merely to be clarified, which is a very
different thing from being purified.

In an increasing proportion of cases, where the
ultimate delivery is into astream from which drinking-
water is taken, purification must be as complete &
possible. As a matter of prudence, the same conditim |
had better be assumed with regard to streams which
are at all likely, within a few years, to be used fur
water-supply.

In determining the degree of purification to e
adopted in any given case, a number of consideration
will arise, many of which will relate to local cireum-
stances. From a purely business point of view, the
decision may be made largely on financial grounds.

Let us suppose that the natural outlet is into a streun
passing through a farming district, and near a town
which may, some day, but not for a number of yean
need to use it for a water-supply. The farmers com
plain of the fouling of the water-supply, especially
during summer, when the flow is small. Raw sewag
can no longer be sent into the stream, but a moderat
amount of cleansing will meet all early requirements
Even this will call for an outlay of say $25,000, ands
yearly cost for interest of $1250. To buy land an
construet works for complete purification will cog
$100,000, involving an annual interest charge of $5000

L |
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cost of the abandoned works may also be regarded as s
much waste, in spite of the saving of the interest
money they have effected.

Then, too, the committee having control of the work
may, now that public opinion has been worked up to
the point of doing something, be anxious to secure,
once for all, what will suffice for permanent uses.

The decision, therefore, as to the degree of purifia-
tion for which provision is now to be made for a town
under such conditions, is beset with no slight difficulty.
Still, the ambition of the committee, and the persoml
interests of the engineer, should not weigh too strongly
against unquestionable financial advantages. Cases

may arise where temporary works, costing $25,000, may
ensure a sufficiently good purpose for so long a time
that the interest on the difference of $75,000 wil

accumulate more than the $100,000 that the permanent
works may then cost (about twenty-two years), anda
cheaper method may then be available. In all sud
cases, the committee and the engineer should formulate
a permanent project, and put themselves very clearlyon
record as recommending the temporary one only fu
sufficient reasons given.

There are many cases, as at Savannah and Mobhile
where it is quite likely that artificial purification wil
never be needed at all, yet where it would not b
prudent to disregard the possibility that some degreeif

clarification may be demanded at a future time, ﬂ{d

adequate provision should be made for a proper methad,
which may be adopted when the occasion requires.

1

!
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sufficient time.  This is suggested as a possible methal
for removing an element of sewage which gives more or
less trouble in final treatment, though much more W
precipitation than in irrigation. It would call far
another element of construction, but it would be sin-
plicity itself as compared with the method of treating
the sludge in precipitation works, and it would remove
everything which it is at all desirable to remove in
preparing sewage for final purification by land. If
would also be good preliminary treatment for sewage
that is to be precipitated. Some such device woull
oreatly simplify processes of partial purification, pre
paratory to discharge into certain streams and harbors,

As a matter of fact, such preparatory treatment opens
a field for invention and improvement that is well worth
exploiting. The greatest difficulty in sewage disposal
— putrefaction aside — is connected with the treatmeut
of elements that may be removed, especially from fresh
sewage, as 1t first flows from the sewer. The embar-
rassments due to street dirt and to putrefaction um!ir‘"’
old systems of sewerage have been, or have been sup
posed to be, a bar to the easy and inoffensive withdrawal
of these elements; but, with the fresh outflow of a gol
system of separate sewerage, so arranged that the dis
posal works shall not be swamped during rains, theﬁl
will be no difficulty whatever in develﬁping the fore
going suggestions into an entirely practical method for
bringing sewage into a condition that will greatlj
simplify and perfect its treatment by any process.
Indeed, the stone areas at Wayne perform a very satis-
frctory service.
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ful practice must be based, as to constitute the mogt
important step thus far taken, and they have made it
possible to set forth clearly the natural processes
involved, and to indicate certain principles which mus
be regarded in the artificial disposal of sewage.

In so far as they are not consumed for the mainte.
nance of animal life, the organic constituents of sewage
are returned to the condition required to make thew
available for the support of vegetable life.

The final reduction is effected by oxidation. Thi
has long been known, but it was, until recently, sup-
posed that there was a direct chemical union of oxygen,
as it exists in the atmosphere, with the oxidizabl
elements of dead organic matter. The theory long
prevailed that charcoal especially, and other porou
solids, as well, had the power of withdrawing oxygen
from the air and condensing it in their pores, and thit
it was this excessive supply of the destructive gas that
gave charcoal, ete., their great destructive power.

The following is from Liebig’s Letters on Chemistry
(1843): —

“Some gases are absorbed and condensed within the
pores of the charcoal, into a space several hundred time
smaller than they before occupied; and there is now no
doubt they there become fluid, or assume a solil
state. . . .

“In this manner, every porous body — rocks, stones,
the clods of the fields, ete. —imbibe air, and therefort

oxygen; the smallest solid molecule is thus surrounded |

by its own atmosphere of condensed oxygen, and if in
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He ascribed the action of yeast on sugar to the fact
that its smallest particles are in a state of activity, and
that they throw the particles'in immediate contact with
them into the same state, and he supported the theorjr
by analogy.

“But if yeast be a body which excites fermenta-
tion by being itself in a state of decomposition, all
other matters in the same condition should have a
similar action upon sugar; and this is in reality
the case. Muscle, urine, isinglass, osmazone, albu-
men, cheese, gliadin, gluten, legumin, and blood,
when in a state of putrefaction, all have the power
of producing the putrefaction or fermentation of a solu-
tion of sugar.”

The theory having already been advanced that micro-
scopie organisms found in decomposing matters might
be the cause of decomposition, Liebig says: —

*“It has been supposed that this view is opposed to
the theory detailed in the preceding pages, which
described contact as the cause of a peculiar activity or
power. . . . In the theory of fermentation alluded to,
it was not asserted that the yeast or ferment coull
effect the decomposition of sugar at appreciable dis-
tances. In this respect, therefore, the two theories are
not opposed to each other. They deviate, however, in
this, that the one theory considers yeast as a body, the
smallest particles of which are in a state of motion and
transposition, and that, by virtue of this state, the parti-
cles of sugar in contact with it are thrown into the same
state of change, while the other theory asserts that the
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particles of yeast are little fungi, which are developed
from germs or seeds falling. into the fermenting liquid
from the air, and that in this they grow at the expense
of the substances containing nitrogen, which are thus
converted into, and separated as, fungi. The particles
of sugar in contact with the fungi are supposed to be
converted into carbonic acid and aleohol, which, in
other words, signifies that the act of vegetation effects
a disturbance in the chemical attractions of the elements
of the sugar, in consequence of which they arrange
themselves into new compounds. . . . It is certain
that sponges and fungi, growing in places from which
light is quite excluded, follow laws of nutrition differ-
ent from those governing green plants, and it cannot be
doubted that their nourishment is derived from putrefy-
ing bodies, or from the products of their putrefaction,
which pass directly into this kind of plants, and obtain
an organized form by the vital powers residing within
them. During their growth they constantly emit car-
bonic acid, increasing in weight at the same time, while
all other plants, under similar circumstances, would
decrease in weight. Hence it is possible, and indeed
probable, that fungi may have the power of growing in
fermenting and putrefying substances, in as far as the
products arising from the putrefaction are adapted for
their nourishment. When a quantity of fungi are
exposed to the temperature of boiling water, their
vitality and power of germinating become completely
destroyed. If they be now kept at a proper tempera-
ture, an evolution of gas proceeds in the mass thus
F
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which, in some way, as yet incomprehensible, accom-
panies their appearance, a most wise and wonderful
provision for removing from water the substances hurt-
ful to the higher classes of animals, and for substitut-
ing, in their stead, the food of plants (carbonic acid),
and the oxygen gas essential for the respiration of
animals. They cannot be viewed as the causes of
putrefaction, or of the generation of products injurious
to animal and vegetable life, but they make their
appearance in order to accelerate the conversion of
putrefying organic matter into its ultimate products.”

The Massachusetts Board of Health, in its Nineteenth
Annual Report (1888), refers to the results of previous
experience on the subject, whose investigation it was
then about undertaking. These may be summarized as
follows : — '

Purification was formerly supposed to be due to the
oxidizing effect of the air, but Schloessing, in France,
and Frankland and Warington, in England, found that
with this there must be the effect of the active presence
of organisms to produce nitrification.

Schloessing found that when sewage was passed
through baked sand and marbles, no purification was
produced at first, but that later the effluent was quite
clear and free from organic matter. He found that this
purification was arrested by the presence of chloro-
form in the sand, and that it began again when the
chloroform was washed out. This confirmed his con-
clusion that purification requires the co-operation of
organic life. *“He concluded that the sewage iutro-



68 MODERN METHODS OF SEWAGE DISPOSAL.

duced the nitrifying elements, and that, as their purify-
ing action ceased when treated with chloroform, and
began again after the chloroform was washed out, he
concluded these elements were living organisms.”!

Warington, believing that nitrification is due t
living organisms, sought to determine their distribu.
tion in the soil, concluding that they are chiefly con.
fined to the surface soil.

Frankland concluded that purification 1s a pro
cess of oxidation, producing carbonic acid and nitrie
acid, and that a continual aeration of the soil is ne¢
essary.

“The conclusion was reached that, in the loam,
nitrifying organisms existed, as shown by Warington,
and nitrification set in at once, while they did not exist
in the sand and gravel, but were introduced by the
sewage, and were retained in passing over the particles
of the sand, where they multiplied till they were in suffi
cient number to effect the nitrification of the sewage.
. . . The amounts reported as applied to various
filter-beds in England and on the Continent, are from
36,000 to 90,000 gallons per acre per day; but the
analyses of the effluent, when given, are not so satisfac-
tory as those obtained in the laboratories. From these
results, it appears that filter-beds, if of proper materials,
can purify ten or twelve times as much sewage per acr
as can be applied to any farm lands in irrigation. I
is upon the basis of these results that we must enter

upon our experiments, to determine the amount d
! Massachusetts Board of Health, 1888, p. 39.
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sewage we can, in this climate, purify, with such
material as is deposited in our valleys.” !

In their report of the chemical work at the Lawrence
experiment station, Dr. Drown and Mr. Hazen say:2—

“The organic matters which give sewage its distine-
tive character are seldom present in the sewage of
cities, with abundant water-supply, to the amount
of 0.1 of 1 per cent. Yet it is this small amount
of organic matter which, by reason of the putrefactive
changes which it is capable of undergoing, makes the
sewage repellant to the senses, and gives it, either
directly or indirectly, its power of producing disease.”

Their statement as to the effect of oxidation ® may be
thus summarized: The carbon of the organic matter is
first oxidized, leaving the nitrogen as ammonia, which
further oxidation converts into water and nitric acid.
Both processes may go on at once in the same mass, but
this is the order of change with regard to any particle
of matter. In sewage, the carbon is partially oxidized,
and a proportionate share of nitrogen is converted into
ammonia. When sewage flows into a body of water,
the nitrogen of the ammonia may, with the oxygen it
contains, develop nitrites and nitrates. In porous
earth, a more complete exposure to oxygen favors com-
plete oxidation. The process of decay in organic matter
is intricate, and involves the formation of many inter-

1 Massachusetts Board of Health, 1888, pp. 40 and 41.

2 Parification of Sewage and Water, Mass. State Board of Health,
1890, p. 707.

8 Ib. pp. 708 and 709,
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filtration of sewage. In these, without straining the
sewage sufficiently to remove even the coarser suspended
particles, the slow movement of the liquid in thin films
over the surface of the stones, with air in contact,
caused to be removed for some months, 97 per cent
of the organic nitrogenous matter, a large part
of which was in solution, as well as 99 per cent of
the bacteria, which were of course in suspension, and
enabled these organic matters to be oxidized or burned,
so that there remained in the effluent but 3 per cent
of the decomposable organic matter of the sewage, the
remainder being converted into harmless mineral matter.

“The mechanical separation of any part of the sewage
by straining through sand is but an incident, which,
under some conditions, favorably modifies the result;
but the essential conditions are very slow motion of
very thin films of liquid, over the surface of particles
having spaces between them sufficient to allow air to be
continually in contact with the films of liquid.

“With these conditions, it is essential that certain
bacteria should be present to aid in the process of nitri-
fication. These, we have found, come in the sewage at
all times of the year, and the conditions just mentioned
appear to be most favorable for their efficient action,
and at the same time most destructive to them and to
all kinds of bacteria that are in the sewage.”

This filter, and one filled with gravel-stones of the
size of beans, were used mainly to demonstrate, in a
very marked way, the fact that the purifying of sewage
by filtration is not a process of straining, but of bacterial
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and stretching between some of the nearest particles,
and intimately mingled with more than twice its volume
of air.

“Upon covering the surface with sewage to-day, the
sewage of yesterday, and most of the air which is asso-
ciated with it, are pushed down, with more or less mix-
ture, by the incoming sewage, to the nine inches next
below; the same quantity of water is pushed down

through each of the lower layers of sand, and the same
~ amount goes out at the bottom. Fresh air is brought
into the upper nine inches with the incoming sewage,
and, if this open sand be five feet in depth to under-
drains, the sewage applied on any day will, in very thin
laminz, be slowly moving for a week over particles of
sand intermingled with twice its volume of air.

“These conditions are found to be favorable for
processes to go on within the sand, which have an effect
similar to that of burning up the organic matter, and
leaving only a mineral residue in the otherwise nearly
pure water. This method of filtration is known as
‘intermittent filtration,” in distinction from the first-
described ‘continuous filtration.’ ”

It is then shown that there is an important difference
between the dry oxidation of actual burning, and the
wet oxidation of these lamina of liquid. In the latter
case, but not in the former, nitric acid is formed, which
combines with the most available base, forming nitrates
of lime, potash, soda, ete. This is called the nitrifica-
tion of the impurities of sewage, and it marks their
final reduction to plant food.
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“ About four thousand chemical analyses, of the
sewage applied to the tanks and of the filtered effluent,
have been made in twenty-two months, the results of
which are given in accompanying tables.”

Corresponding examinations were also made as to the
bacteria in the sewage and in the effluent.

“The purifying ability of a filter is indicated, not
only by the smallness of the quantity of ammonia in
the effluent, but by the greatness of the amount of
nitrates. The nearer the nitrogen of the nitrates in the
effluent is to the whole amount of nitrogen in the
sewage, the more completely has the nitrogenous
organic matter of the sewage been destroyed, and its
objectionable part been used to form part of an unobjec-
tionable mineral matter.” !

It would not be possible in this brief space to give
such an account of even the most important details of
these experiments, and of the resulting deductions, as
is desirable. They are fully set forth in the published
reports, to which the interested reader is referred.

It may be said, in a general way, that they fully
establish the efficiency of filters, when properly con-
structed and controlled, to purify large quantities of
sewage continuously, making it even more pure than
many accepted drinking-waters. The account of the
detailed investigations is followed by “A General
Review of Results,”? in which the more important
features are set forth.

1 Purification of Sewage and Water, Mass. State Board of Health,

1890, p. 13.
2 Ib. pp. 577 to 600.
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It is shown that a sand filter does not effect nitrifica-
tion when first used. It is necessary for it to accumu-
late a suitable colony of bacteria, and time is required
for this. Furthermore, the colony adjusts itself to the
work it has to do. If, then, the amount of sewage is
suddenly increased, and is continued at the larger
amount, the nitrification will at first be incomplete,
but the bacteria will soon multiply, and purification
will again become satisfactory, often amounting to the
destruction of 991 per cent of the nitrogenous mattens
in the sewage, and all but a fraction of 1 per cent of
the bacteria. Of the bacteria escaping, it is believel
that none are the bacilli of specific diseases, but this
is not absolutely stated.

Nitrification is affected by the season and by temper-
ature. It is the most active in the growing months of
May and June,—even more so than in the hotter
months of July and August. With this exception, the
amount of nitrification varies with the amount of the
sum of the ammonias in the sewage; “so that, in
the winter months of 1888-89, while the nitrates of the
effluent were lower than at other times, we find that
the sum of the ammonias in the sewage was also lower,
and that nitrification at that time was quite as complete
as in the previous months.”

Even before nitrification begins in a new filter, 8
with one which was first brought into use “in the coll
months of a very cold winter, there was an important
step in purification going on. This was the conversion
of albuminoid ammonia to free ammonia;: or, to sLulﬁ-

a
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the case more definitely, it was the burning up of a part
of the organic matter by the combination of oxygen with
some of the carbon, producing carbonic acid, and leav-
ing the nitrogen and hydrogen that were combined with
this carbon to form ammonia, and thus reducing the
amount of combined nitrogen, which in our analyses
appears as albuminoid ammonia. This is as complete
a destruction of organic matter, as far as it goes, as if
the free ammonia were again oxidized, forming nitric
acid or nitrates ; but this process seldom, if ever, carries
the destruction of the organic impurities of sewage to
such an extent that the resulting liquid contains so
little impurity as when nitrification takes place. We
find, further, that this process of reducing the albumi-
noid ammonia is not so destructive to bacteria as the
more complete process of nitrification. It is, however,
a process of purification, and the conditions of inter-
mittent filtration are those most favorable to this step
in purification.”

The purifying capacity of some of the materials was
shown to be very great. A filter of coarse sand, which
had been long in use, gave a good result when filtering
at the rate of 117,000 gallons per acre per day (equal
to nearly 2000 population per acre) for nearly three
months, “after which the quantity was increased, and
averaged for five months 177,000 gallons per acre per
day (equal to nearly 3000 population per acre). The
purification was less complete for the first month after
the change, but in the second and third months it was
more complete than with the quantity given above,
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drained and used intermittently. The nitrates soon
rose, until they represented 50 per cent more than the
sum of the ammonias in the sewage, the stored impuri-
ties being nitrified. After three months these had all
been burned out, and the effluent had become purer
than the average of the public drinking-waters of the
State.

During the continuous filtration, there was no nitri-
fication to kill the bacteria, “but they were unable to
survive the long passage of three weeks through the
sand without oxygen,” their number being reduced
from over 50,000 to less than 100. At the beginning
of intermittent filtration, when there is no nitrification,
but when some of the carbonaceous matter is being
consumed, the bacteria of the effluent average 1 per cent
of those in the sewage, 99 per cent being destroyed;
“but when nitrification begins, the number surviving
the passage suddenly decreases to only 0.08 of 1 per
cent, and a still further decrease to about 0.03 of 1 per
cent when nitrification becomes complete.”

Concerning the safety of the effluent as drinking-
water, Mr. Mills says: ! —

“We have found that the sum of ammonias, which
have been taken to indicate the amount of nitrogenous
organic matter, has been reduced to about 0.5 of 1
per cent of those in the sewage, and is less than the
sum of ammonias of most of the public drinking-water
supplies of the State.

! Purification of Sewage and Water, Mass. State Board of Health,
1800, p. 597.
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outside the station, even the most intelligent of the
workmen predicted that these would quickly choke, and
become a nuisance; but, after two years of actual opera-
tion, nothing more remarkable or objectionable could be
seen upon them than upon other fertile land. This
simple ocular demonstration is confirmed by the results
of analysis, and the mechanical theory is readily dis-
proved by a comparison of the chemical composition of
the affluent with that of the effluent. In the life-history
of an intermittent filter, there may be a period at the
outset when there is but little if anything more than
a mechanical purification; but, under the best condi-
tions, there speedily begins a change of the profoundest
significance. The dissolved organic matters no longer
pass out as they came in; the suspended matters for
the most part cease to accumulate, and both appear in
the effluent under other forms. Obviously, mechanical
processes alone could not effect such a change, and,
besides, these changes may occur under conditions which
exclude entirely the purely mechanical hypothesis.”
The conditions here referred to are well illustrated
by the experiment with large gravel-stones, already
detailed, and by another, “in which the filtering mate-
rial was entirely of gravel-stones as large as beans.
The sand had not only been sereened out, but all of the
stones had been washed, so that no sand adhered to
them, before they were put into the tank., They formed
a bed five feet in depth, and for nine months sewage
pumped directly from the city sewer was applied nine
times a day, for six days in the week, in quantity
G
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surface of the tank each hour, each stone in the tank
was kept covered with a thin film of liquid, very slowly
moving from stone to stone, from the top toward the
bottom, and continually in contact with air in the
spaces between the stones. The liquid, starting at
the top as sewage, reached the bottom within twenty-
four hours, with the organic matter nearly all burned
out. The removal of this organic matter is in no sense
a mechanical one of holding back material between the
stones, for they are as clean as they were a year ago;
but it is a chemical change, aided by bacteria, by which
the organic substances are burned, forming products of
mineral matter, which pass off daily in the purified
liguid.

“The liquid flowing out at the bottom is a clear,
bright water, comparing favorably, in every respect that
can be shown by chemical or biological examination,
with water from some of the wells on the streets of our
cities, that are used for refreshing draughts by the
public during the summer.” !

Such coarse gravel could not be used in practical
work unless overlaid by a material which would check
the entrance of sewage and cause it to descend slowly
and uniformly over the whole area. Without this
provision, it would Hlow en masse through the first part
of the field that it reached.

In the Board’s Report for 1891, Mr. Allen Hazen,
the chemist of the experiment station, makes the follow-

! Purification of Sewage and Water, Mass. State Board of Health,
1890, pp. 670, 671, and 672.
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filtration, in like proportion, at least, will the carrying
down of bacteria into the underdrainage be reduced.

As to the question whether or not the piling up of
the scrapings of the surface of a sewage-filter bed, con-
taining large amounts of organic matter, will create a
nuisance, Mr. Hazen says:1—

“To this we can answer, no. The stored matters are
the most stable portions of the sewage; they have
resisted strong oxidizing action, and are incapable of
rapid or objectionable decomposition. The matters
which would have caused trouble had they been stored
are just the ones which have been oxidized. The
material should be so placed that a change of air in its
pores will be possible, and no offence need be antici-
pated.”

This accords fully with the experience at Wayne,
Penn., where the aceumulated rubbish forked out of the
broken-stone straining beds was placed in a large heap,
with no other sand or earth than had come from a
separate system of sewerage, causing no offence what-
ever.

It was found that peat, as used in a filter at Law-
rence, was almost useless, as the quantity of sewage
that would pass through it was too small to render
filtration practicable. The flow through peat five feet
deep, and with a surface area of one two-hundredth of
an acre, averaged, for twenty-two months, only eight
and a half gallons per day, or 1700 gallons per acre per
 day.

1 Massachusetts Report, 1891, p. 454,
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This is so at variance with natural conditions as g
call for further consideration. An ordinary peat swamp,
drained only by open ditches at wide intervals, will
absorb the water of the heaviest rain almost as it falls,
and can be walked over soon after the rain ceases. A
rainfall of two inches is equal to over 54,000 gallons
per acre. A portion of the sewage-disposal field at
Freehold, N.J., is of nearly pure peat. Before drainage
it was an impassable morass for some days after g
heavy rain. It was underdrained, at a depth of four
feet, by three-inch tiles, laid at intervals of twenty-five
feet, and it dried out rapidly. Soon after this improve-
ment, a rain of over two inches fell on it in one day.
The following morning carts were driven over it with-
out difficulty. It has since shown no inability to
absorb sewage in large doses.

It is probable that the availability of peat as an
absorbing and filtering medium in its natural condition,
depends on some peculiarity of its internal structure,
which is destroyed when it is removed and worked
over. At Lawrence, “this material was at first com-
pletely saturated with water, by cutting it up fine and
sprinkling it into water standing in a tank.” The slow
deposition of fine material suspended in water woull
lead to an arrangement of its parts very different from
that existing when a fibrous mass has slowly accumt-
lated by the decay of vegetation.

Very unsatisfactory results were also obtained i
experiments with garden soil and finer earths. Thes
too, were different from what we obtain under na |
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soils are considered. Perhaps the safest distinetion
would be to say that so long as the degree of flooding
does not interfere with proper agriculture, the process
may be called Irrigation, and when this limit is ex-
ceeded, Filtration; but even this definition is not exact.

With the more porous soils, erops will grow well with
very large doses of sewage, while those of closer tex-
ture, with less capacity for absorption, are practically
not available for filtration, although they may receive,
utilize, and purify a large irrigating flow.

It is generally good practice in irrigation disposal to
provide three areas of land, to be flooded on successive
days,—one day of use with two days of rest. With
this arrangement, even stiff clay soils will, in time,
come to do well with an application equal to one inch
or more in depth over the whole surface during the
twenty-four hours of use. If of lighter texture, they
will take correspondingly more.

For a rough-and-ready calculation, it will be suffi-
ciently exact to say that 1 inch over an acre is 25,000
gallons, and that, with an allowance of about 60 gallons
per person per day, this will equal the sewage of a
population of about 400. By the same token, 2 inches
would give 50,000 gallons and 800 population, and 3
inches would give 75,000 gallons and 1200 population.
Dividing these amounts by 3, as each area is used
only one-third of the time, we have 8333 gallons and
133 population with 1 inch, 16,666 gallons and 266
population with 2 inches, and 25,000 gallons and 400
population with 3 inches. In this latter case, the aver-
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entirely out of the consideration, reference for this
branch of the subject being made to Chapter XI. At
the same time, it is to be remembered that the evaporat-
ing power of the leaves of vegetation, and the penetra-
tion of the soil by roots, are useful factors of successful
irrigation. Whatever is done, therefore, and however
copious the flooding may be, every detail should be
made as favorable to growth as possible, and methods
of application should be adjusted to the manner of
cultivation that is to be followed.

It cannot be too often repeated, that the utmost
care must be taken to secure uniformity of flow, the
avoidance of ponding, the regularity of alternation and
cleanliness at every point. These not only tend to
inoffensiveness and to fertility, but they affect the
completeness of purification as well.

An acre of land contains 43,560 square feet. To fit
a field for sewage disposal, it is desirable that it should
be drained, naturally or artificially, to a depth of at
least o feet (6 feet would be still better). Almost any
soil so drained will contain at least 30 per cent of
voids filled with air and available for the admission of
water; that is to say, the voids of an acre of land,
drained to a depth of 5 feet, will admit about 480,000
gallons of water.

For proper purification, it is desirable that the water
should oceupy about six days in its descent through the
o feet of depth. The daily dose required for this would
be about 80,000 gallons per acre. If the area is divided
into three sections, for alternate use, the daily dose for
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cubic meters reached the underdrains, all the rest being
evaporated from the surface of the ground and by the
leaves of the crops.! It would seem, therefore, that
it may be assumed that land which is at all suited in
its original composition for sewage irrigation, and is
properly prepared for its work, will transmit or evapo-
rate during the growing season 80,000 gallons per acre
per day, if the sewage is so applied to it as to reach all
parts of its surface with sufficient completeness. At
60 gallons per head, this would be the product of a
population of 1333.

This capacity would not be reached by heavy soils,
but it would be more and more nearly approached as
continued use improved the absorptive power and the
drainage of the material forming the subsoil. On the
other hand, it might well be exceeded with many kinds
of soil, of which the voids amount to more than 30 per
cent. It is to be understood that we are still consider-
ing theoretical capacity.

In order to estimate properly the duty to be imposed

I The Sewerage Committee of the British Association reported in
1871 on experiments conducted by them at Bieton’s Farm (Romford)
*“‘under such conditions as would ensure the collection of the whole
of the effluent water* to determine the amount of evaporation. The
observation covered more than a year (399 days). The average amount
of sewage pumped on to the farm per day was 1182 tons. The average
rainfall was 695 tons, making an average daily application of water
equal to 1877 tons.  ** The average amount of effluent water discharged
was found to be 513} tons per diem.”” That is to say: In a moist
elimate, in an examination which covered a whole year and the wet
month of March besides, of all the water reaching the farm as sewage

and as rain, 72.65 per cent was evaporated from the surface of the
ground and from the leaves of vegetation.
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quarters of an acre of gravelly soil. At 60 gallons per
head, this would be at the rate of over 1750 per acre.
Dr. Alfred Carpenter, contemplating much storm-water
flow, says that there should be not less than one acre
for 250 population. The farm at Wrexham, which,
with that at Bedford, was awarded the first prize of the
city of London, and where storm-water is considerable,
has one acre to 166 of population. At Swanwick, 15
acres of clay soil take, in addition to storm-water, the
sewage of 4000 persons, or one acre to 266. In connec-
tion with the sewage purification works of Paris there
are four experimental tanks, each 33 feet by 28 feet,
containing about 6 feet in depth of earth taken from the
irrigation grounds. These received, for six months,
sewage at the rate of 232 persons per acre,— only 6.6
per cent escaping through the drains, which indicated
that much more might have been taken. Sewage has
been applied at Gennevilliers at the rate of 100,000
cubic meters per annum per hectare, which is at the rate
of one acre for 487 of the population.

In most of the instances referred to above, the sewage
is spread over the surface of the ground. The use of
the “ridge and furrow ” system, where it is run into
trenches between narrow beds, on which plants are
grown, affords an easily controllable method of treat-
ment. It may be suitably so arranged that the channels
for sewage, filled to a depth of 1 foot, should hold
100,000 gallons per acre, or, one-third of an acve filled
every third day, 33,000 gallons, or the sewage of 550
persons per acre. This is the method adopted at

H
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directly on to the area; but if it is not well in excess
of the absorptive capacity of the ground, then it should
be accumulated in a self-discharging tank or reservoir,
which will hold back the whole flow until it is full,
and then deliver it in a large stream.

The first work to be done in preparation for irrigation
is so to regulate the surface and the drainage of the
land as to fit it for the maximum of service. Unless
the ground is underlaid by a porous subsoil, which will
ensure the free removal of all water settling through
its upper layers without reappearing in the form of
“springs ” on its lower parts, it should first of all be so
thoroughly underdrained as to secure this condition.

If the drains are made deep enough, say 4 feet, to
ensure the maintenance of the line of saturation during
the latter part of the period of rest at a depth of 3 feet
from the surface, this will ensure a condition of absorp-
tion and of aeration which will suffice for purifying
a large volume of sewage, but it would be better to go
considerably deeper if practicable. The drains should
be larger than ordinary agricultural work would require,
—not less than 3 inches in diameter, and not necessarily
larger, unless, in a rather porous subsoil, they are to be
placed more than 40 feet apart. While 4-foot drainage
may suffice, it is better, if a suitable outlet can be had
from that depth, to lay the tiles 5 feet, or even 6 feet,
below the surface. Even in soils through which water
would at first settle slowly to this depth, the drainage
will improve with time, until, even in clay, it will
become effective.
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stream flowing through it. It was thus protected from
decay, and remained serviceable until the field was
abandoned on the recent construction of a local system
of sewers.

The great advantage of this method lies in the fact
that each underdrain is thus always open to inspection.
It is also satisfactory to be able to watch the promptness

Fig. 1-PLANK BEOTTOM

with which sewage applied at the surface increases the
drainage flow, and the fluctuations of volume under
different doses, and during rains of various amount,
as effected by the condition of different parts of the
field.

In constructing underdrains, care should be taken to
lay the tiles to a true grade, and they should be pro-
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teeted against the entrance of silt by being wrapped
twice around with strips of cheap muslin.  The middle
of the strip is laid under the joint, and each end is
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has a straight eye in his head; but, on the other hand,
we sometimes have to deal with a flat meadow, with
clumps of bushes, depressed cow-tracks, boulders, and
stumps; or it may be a steep hillside, with trees of all
sizes and in all stages of growth, some of them fallen
and some of them rotting on the ground; or a very
irregular surface, with outeropping rock, areas of clay
and areas of gravel, and sloping in different directions.
In such cases, skill, judgment, and experience will be
needed, not so much to secure a good final result, as to
secure it at a reasonable cost.

It is, of course, possible to reduce any surface and
any material to any desired grade, and to fit it for
irrigation. An engineer accustomed to railroad grad-
ing will know how to do this, but such work is costly,
and it is often quite unnecessary; the result may be no
better than if the irregular natural conformation is
generally maintained, only the minor inequalities being
corrected and actual “pockets ” being filled.

The importance of grading increases with the reduc-
tion of area. If there is land far in excess of the needs
of the population, we may take full advantage of its
better portions, and make less use of its less favorable
portions. If, on the other hand, the area is limited,
then it becomes more important to make all parts of it
equally available. It is by a proper application of this
principle that economical good work is to be secured.

If the land is flat, it must be made quite smooth and
uniform; and, if surface irrigation is contemplated, it
must be worked into beds or broad ridges, with draining
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sections of heavy soil, in which absorption is slower,
should be larger than the sections of light soil, in
which absorption is rapid. Land that is nearly level,
and over which the flow is slower and accumulates until
it reaches every spot, saturating the surface completely,
will drink in more sewage than steep land, over which
the flow will be rapid, and where there is more tendency
to form rills, where artificial runnels are needed to
counteract this tendency, and where spots which are
higher than their neighbors will get less than their due
share of the supply.

The needs and conveniences of cultivation must also
be kept in view, and in many cases — but by no means
in all —one or more relief areas should be provided,
which will bear heavy flooding on occasions when the
requirements of cropping make it desirable that sewage
be kept from tracts whose regular turn it may be to be
irrigated. All of these conditions are to be taken into
intelligent account and satisfied as completely as is
practicable,

The division and arrangement being decided on, the
next step 1s to provide for the proper preliminary treat-
ment of the sewage, and for its proper distribution over
the various areas. Reference is here made to Chapter
VIII.

The particular method of preparatory treatment to be
adopted in any case will depend on the lay of the land,
and on the manner and volume of delivery at the field.
If broken-stone areas are used, they should be so
placed, and should be of such size and form, as will
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still, of broken stone that has been passed over a half-
inch screen to remove its finer parts. With a little
attention to its upper side, adding or removing slight
obstructive matters, such a bank may be made equally
effective along its whole length. A considerable por-
tion of the sewage will flow through it, ‘but more or
less of it, according to the volume of the flow, will pass
over its top. The irregularities of porosity and of top
level will tend to compensate each other, and the dis-
tribution will be more uniform than if the flow were all
through a porous mass or all over the top of a bank of
earth.

The greatest advantage of the porous barrier is that
it allows all of the sewage to pass with such freedom
that nothing is retained to putrefy. Under proper
management — chiefly the removal of leaves and grass,
and the occasional raking of the back of the bank — the
land at the upper side of the barrier will be dry within
an hour after the flow ceases, and there will be no more
odor here than over other parts of the flooded area; that
is to say, there will be no odor at all.

These porous barriers are not to be considered
as strainers, as performing the function of the beds of
stone over which the sewage first passes. When it
reaches the first barrier, it will already have lost most
of its solids, and it will coat the surfaces of the stones
of the barrier so slightly that all traces of it will have
passed away before the next application of sewage.

The flow decreases in volume as it passes over the
land, a portion of it being absorbed as it goes on; there-
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fore the upper barriers may, with advantage, be coarser,
and the lower ones finer, according to the volume to be
transmitted. The lower barriers at Wayne, made of
locomotive cinders loaded with stone at the top and on
the lower slope, are never overflowed ; the small amount
of sewage reaching them all passes through them.
Stone barriers have the further advantage that they
require little attention to keep them in shape. They
do not wash away like earth, and they are not dis-
turbed by the frost. They are apt to be penetrated by
a rather vigorous growth of weeds, which must be cut
or pulled from time to time, but this is no disadvantage
from the point of view of disposal.

This general equalization of the flow will not be all
that is required, except on nearly level and smoothly
graded land. Water flows on the line of least resis-
tance, and the slightest depression or obstruction suffices
to divert it. It will usually, therefore, become neces-
sary to regulate its movement between the barriers by
forming occasional V-shaped leading runnels here and
there, often only a few feet long, or to fill depressions
with a few spadefuls of earth, or both. This final
regulation can best be done while sewage is actually
flowing, the movement that it takes indicating the
slight amendments to be made.

The main discharge of sewage at the beginning of
the field may be led to the stone beds of the several
areas either by covered pipes or by open channels. If
these latter are used, they should be made of half-pipes
of vitrified earthenware, laid to the proper grade, with

i
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not with cement when

their joints filled with eclay,
frost is to be anticipated. They may have outlet
branches at fixed points of delivery, or they may be
made a little lower on the side toward the field, so as
to overflow for a considerable length, the stream being
dammed from point to point, as one stretch after another
is to be reached. These half-pipes should be bordered
on each side with well-laid sod, on a true grade, and
provision should be made for complete emptying of the
channel soon after the flow ceases.

The combinations that may be formed of various
means of straining and distribution are to be regulated
according to the special indications of each case. As
an illustration, the writer is now arranging plans for
the irrigation of a long, narrow disposal field, bordering
astream which must not be fouled. The land will have
to be divided into rather small areas, on lines running
at right angles to the contours. The length of the
field is some 3000 feet, while its average width is not
more than one-fifth of this. Tt is desirable to use as
little of the width as will suffice in rough preliminary
treatment. It is also necessary to make the overflow
uniform along the upper side of each area. The
arrangement under consideration is shown by the
accompanying illustration, Figure 3.

An open channel conveys the sewage from the screen-
ing chamber along the upper side of the field, for such
distance as may be necessary for providing sufficient
straining beds. As these beds require extension for
future work, the channel will be extended. It has side









-

1312 MODERN METHODS OF SEWAGE DISPOSAL.

-—

the flow and to prevent washing or ponding.  The
illustration shows a stone barrier to equalize the flow,
and earth embankments separating the sections of the
irrigation field.

Figure 4 shows, in cross-section, the two channels
and the broken-stone bed, with a part of the apron
below the outlet to the field.

By a proper adjustment of the stop-gates, the sewage
may be delivered over any one of the screening sections,
and discharged over any area of the land at pleasure.
The distribution over the land will be regulated, as
previously described, by stone barriers or otherwise, as
the requirements of the case may suggest.

The arrangements for discharging the sewage over
the land in proper condition and with proper uniformity
being completed, or, in other words, the work of con-
struction being done, the work of maintenanece begins,
and it would be desirable that the man who is to have
charge of this should have taken an active part in the
previous regulation of its details, that he may be familiar
with everything connected with the system. The en-
gineer who has directed the work should keep oversight
of its practical operation until he has assured himself
that all goes smoothly and well.

Dr. Frankland says, in the First Report of the Rivers
Pollution Commission, 1870: —.

“A field of porous soil, irrigated intermittently
virtually performs an act of respiration, copying on an
immense scale the lung action of a bl‘e-’tthing animal;
for it is alternately receiving and respiring air, and thus
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If the conditions are such as to make it worth while
to give prominence to the agricultural element, there
need be no difficulty in securing good management.
Farming is not a trade that it is difficult to learn, and
the director of the disposal works will, if not a farmer
himself, be able to secure an assistant who is. If he is
a farmer, there are no details of sewage irrigation and
filtration calling for any special knowledge which he
may not readily acquire. These details are much less
exacting than are those of chemical disposal works,
where economy requires a constant testing of the
quality, and measuring of the quantity of sewage, and
the constant adjustment of the chemicals to the require-
ment of the moment; where a steam plant and filter
presses are to be kept in order and in economical
service; yet these scientific processes, where a man
specially fitted for such duties is indispensable, are no
more a reason for rejecting this method of treating sew-
age, than is the requirement for a capable manager for
an intricate system of water-supply, involving the use
of pumping machinery and a complex system of filters,
a reason for not providing good water; or than the
requirement of a man of first-rate practical capacity as
chief engineer of a modern fire plant is a reason for not
making the best provision against conflagrations.

In neither of these cases, any more than in sewage
farming, will the interests of the town be left at the
mercy of an incompetent man.

Let it once be decided that sewage is to be disposed
of in any given way, and let the need for special skill in
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tempted, by the hope of harvesting a promising crop in
the best condition, to turn a week’s sewage on to land
not fitted to receive it. He will learn in time to cut his
coat according to his cloth, and to grow the best crops
that a proper handling of the sewage will allow. This
must be accepted as the best measure of his skill and
capacity. The rule should never be lost sight of, by
the committee or by the manager, that everything must
yield to the proper disposal of the sewage, and that
only such farming is to be done as will not interfere
with this.

The first important question that presents itself is
that of the amount of land to be provided, not only for
the present population, but for the growth of the next
twelve or fifteen years. To look beyond that period
involves a question of interest money, of uncertainty as
to the rate of growth, and of possible new invention,
which may make it wiser to leave the remoter time to
take care of itself. The area required will also depend
much on the character of the land and the degree of
purification to be secured. In any case, however, if
land is plenty and cheap, it may be well, with a view
to extensive farming, to secure enough to furnish an
acre for even every fifty of the population. Sewage
farming becomes a comparatively simple matter with
such an abundant provision, and may usually, near a
large town, be made a source of some income. If, on
the other hand, cheap lund is not available, then we
must consider the safe requirement for purification,
without much regard to agricultural return. It is quite
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(he farm might furnish stabling and forage to a dairy-
man owning his own cows and carrying on the milk
business on his own account.

The main point is, and this is important, that the
town should retain absolute control of the disposition
of the flow of sewage, and should carry on its work of
purification untrammelled by any consideration of profit
from the working of the farm,— so arranging this part
of its operations, of course, as to favor the farming as
much as is safely possible.

Whatever is done, due attention must be paid to
cleanliness, neatness of appearance, and absence of odor.
Whatever is in the least degree objectionable about a
sewage farm is always due to bad management and
neglect.

The possibilities of a large return from sewage culti-
vation are great, and it cannot be doubted that they may
sometimes be so developed in continued practice as to
constitute a source of considerable income.

One of the best, and best-recorded, instances of good
sewage farming in England, is that of the farm at Bed-
ford, which divided with Lieutenant-Colonel Jones’s
farm at Wrexham the £100 prize offered by the Man-
sion House Committee in connection with the London
International Exhibition of the Royal Agricultural
Society, for the best-managed sewage farm in England
and Wales, utilizing the sewage of not more than
20,000 people.

This farm was established in 1868. It contains 183
acres, 153 acres being irrigated with sewage. It is
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“ Horses. — Six strong Shire-bred horses are employed
on this farm solely for working the land and for other
farm operations. In the summer, the horses are prin-
cipally fed on rye-grass, and in the winter on beans,
oats, and chaff, with a considerable amount of roots,
carrots being generally used until Christmas, and man-
colds afterwards. The manager reported that this
cowrse of feeding keeps the horses particularly healthy.
He also reported, in answer to special inquiry, that he
never had a greasy legged horse on the farm, and does
not consider the horses on the sewage farm more lialle
to that, or any other disease, than on farms under
ordinary cultivation. He further reported that the
veterinary surgeon’s bill on this sewage farm, during
the last four years, averaged about 3s. 6d. per horse.

“Sanitary Result. — Eight persons reside on the farm,
six of whom are children, and about twenty men and
boys are engaged on the farm who do not reside on it.
Mr. J. H. Collett, the farm manager, reported : —

“*No man, either living or working on the farm, or
any man living near, has ever suffered from any epi-
demie disease.

“‘No man ever employed on this farm for a sufficient
length of time to have felt the ill-effects of sewage has
died up to the present time, neither has there been a
death of any resident, young or old.

**I can give you no other information on this point,
excepting that my men have been particularly healthy,
and I have never heard the men employed on this, or
the adjoining farms, or any person living near, ever
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Clay soils are not to be recommended for surface irriga-
tion, and can only be used for filtration by an outlay in
draining, earth-burning, and mixing, which sanitary
authorities are indisposed to expend.

“The best soils for intermittent filtration are those of
a free character, closely pulverized with such a propor-
tion of alumina equally dispersed through their bulk
as does not exceed T per cent of their constituents.
Sewage will pass but slowly through such deseription
of soil, and they therefore require quickening by care-
fully designed underdrainage to overcome their natural
retentiveness. . . .

“The capacity of soils to absorb water is no criterion
whatever of their cleansing capability, whilst their
refentive powers exercise great influence on the rate of
percolation and the quality of the effluent. A coarse
gravelly soil thoroughly drained, for instance, will
absorb and discharge liquid almost as quickly as it
reaches its surface, and will give out an effluent but
imperfectly purified, whereas a loamy soil, having a
sufficient proportion of sand to render it free and to fill
it with close interstitial spaces for aeration, will dis-
charge a satisfactory quantity of purified water by the
underdrains, and maintain a very superior effluent.

“Experience conclusively shows that, while some
soils, even in their natural unmoved condition, will
let sewage pass through them too quickly, others have
retentive powers — I speak of clay and peat soils —
which not only retard in an unfavorable degree the
passage of water through them, but in some de_grea
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only been utilized, will be reduced to less than half
what it would have been had the original intention ol
1869 remained in force, thus affording the most tangible
evidence that could be produced of the true value of
intermittent filtration, which in the first instance was
regarded with derision, and which is still held up by its
opponents as an object for public distrust.”

It is to be remembered that at Merthyr Tydfil, as
elsewhere in Great Britain, the sewage to be dealt with
is largely increased in volume during storms, and that
this increase imposes a great additional tax on the land
devoted to 1ts purification.

In filtration, even more than in irrigation, it is
important to prepare sewage for application to the
land, by the removal of its coarser parts and of its
fibrous and adhesive elements, which would tend to
clog the swiface of the filtering area. There is no
adequate advantage in resorting to chemical precipita-

tion as a preliminary process, because all that ean prove
an obstruction to easy absorption can be much more
cheaply and simply withheld in the manner indicated
in the foregoing pages, especially in Chapter VIII.

The regulation of the land for intensified filtration is
often a much more serious operation than anything that
is called for in irrigation. In order to ensure maximum
absorption and the equal use of the whole area, it is
desirable to submerge, under a head of some inches,
either the whole surface, or the trenches into which
sewage is run between elevated beds. This requires
careful and exact grading, and, if the whole surface is

.
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when the ground is dry, to rake it over and break up
any hardening or caking of the surface. A fungus
sometimes grows, which forms a sort of a mat or felting
at the bed of a trench from which sewage is to be
absorbed, but this cracks and curls up in drying and
gives little trouble.

The uniform distribution of sewage over a flat area
of considerable size will be sufficient from a single
point of discharge, if the soil is slow enough in drink-
ing it in, to cause the whole surface soon to become
submerged; but more porous ground will need a dis-
charge at different points along the borders, and perhaps
even a delivery by outlets in the interior of the area.
When absorption and transmission are very rapid,
purification is less complete, and parts of the land not
near the point of delivery may not be reached at all.
Such a soil will be much improved by a thin covering
of finer sand or earth, so applied as to check the too
rapid sinking of the sewage into the ground. The
more copious the flow, the more completely will it
extend over the whole area, and a better distribution
may be secured by accumulating the sewage in a tank,
to be discharged from time to time through a large
outlet.

Filtration is a more artificial process than irrigation,
but it may, in some cases, be more desirable on the
score of economy. In many instances the two will be
used together; either an irrigation farm will have a
filtration area for use in emergencies,— or more or less
regularly,—and a regular filtration area will be worked
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sheets, and the bacteria which reduce its putrescible
matters are active because air is abundant. The pro-
cess in the aerating tank described above is essentially
the same, but in this case the earth is massed in cubical
form, and the atmosphere is made to pervade the mass,
so that every conceivable plane within it presents — so
far as bacterial activity is concerned — the conditions
of a natural surface.

The same is true with regard to the straining tanks.
While the sewage is passing through them, the action
is merely mechanical sedimentation. When the liquid
has been drained off and the aeration has begun, the
process and the result are the same as they would be
if the accumulated sludge were spread in extremely
thin sheets over the surface of a large area of soil.

The operation of the experimental plant and the
results accomplished are set forth in detail in a report
published after the close of the test.! It is sufficient
for the purposes of this chapter to state that the
average daily flow through the strainers was at the
rate of 7,574,400 gallons per acre (the maximum was
17,900,388 gallons), and through the aerators at the
rate of 1,064,213 gallons (the maximum, after nitrifi-
cation began, being 4,826,112 gallons).

The average percentage of purification, as repre-
sented by the removal of organic nitrogenous matter,

! This pamphlet, which includes the report of Mr. George W. Rolfe,
the chemist in charge, and complete analytical tables, will be sent,
without cost, to readers who desire it, upon application to the author
at Newport, R.I,
























CHEMICAL TREATMENT. 155

ing or straining, and this may be done in any of the
methods indicated in Chapter VIII., or by passing
through filter-tanks in which walls of coke or similar
material act as strainers, Dr. Tidy, however, in his
paper on the * Treatment of Sewage,” ! indicates that it
is not desirable to remove anything beyond the coarsest
substances, as *““the precipitation appears to be more
complete as the quantity of suspended matter in the raw
sewage increases.” This, of course, involves an increase
of sludge.

After passing the screens or strainers, the sewage, on
its way to the settling-tanks, receives its quota of
chemicals. These have been prepared by dissolving
them, if they are soluble, or by grinding and intimate
mixture with water if they are insoluble, and they are
fed into the sewage by suitable devices, care being taken
to ensure a thorough mixture before the settling-tanks
are reached.

The list of reagents proposed is a long one, and
includes many chemicals and compounds of chemicals
which may be rejected without serious consideration,
either because of their inability to purify the sewage to
the required degree, because they produce an effluent
chemically injurious, or because of prohibitive cost.
Following this principle of “choice by rejection,”
investigation as to the comparative merits of various
processes is much simplified. In selecting the process
to be used, several important considerations present
themselves.

1 Journal of the Society of Arts, p. 1171.
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An ideal precipitant would be one which removed all
matters suspended in the sewage, and all putrescible
matters in solution, together with all disease germs and
putrefactive bacteria, yet which would not destroy the
oxidizing and nitrifying organisms which tend to com-
plete the operation of purification; which retained in
the sludge all substances needed by the soil — nitrogen,
potash, and phosphoric acid; which exhausted itself in
the operation, so that no trace of it remained in the
effluent; which cost nothing, or next to nothing, and
which could be applied as an aqueous solution, or, better
still, as a gas, so that the sludge would be of minimum
bulk. This ideal will probably never be reached, but
it must be remembered that the subject is still in a state
of development, and improvements in methods and
results are constantly being made.

In the mean time, the selection of the chemicals
must be made in accordance with the peculiar condi-
tions of each case. They should be effective, safe,
and cheap, and, preferably, capable of application in
solution.

The value of any chemieal precipitant depends largely
upon the care and skill with which it is prepared and
the thoroughness of its admixture with the sewage.
With inefficient mixing, the amount of precipitate, and,
consequently, the degree of purification, is less than
could be obtained with the same material under more
careful management. In addition to this, a portion of
the reagent will escape combination and be wasted,

flowing off with the effluent in its free form, possibly
M

.
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device for this purpose be adopted, constant watchful-
ness on the part of attendants will be necessary. But
automatic control can easily be provided by means of
floats, which, rising or falling with the varying level of
the sewage, open or close the valves through which the
chemicals are admitted. Or mechanical regulators can
be used, driven by a water-wheel placed in the sewage
channel. The quantity of chemicals supplied, being
governed by the speed of the water-wheel, will be pro-
portional to the flow of sewage. A change in quantity
of flow, however, does not always indicate a change in
the amount of chemicals required, for increase of flow
may mean merely increase of dilution. On the other
hand, the volume of flow may remain practically con-
stant, while the strength of the sewage increases or
decreases materially. No mechanical device can properly
regulate the addition of chemicals under such conditions,
and careful attention and sound judgment must be
relied upon where the maintenance of a uniform effluent
is important. As these changes in the composition of
sewage are rapid, it is obvious that no process of chemi-
cal analysis can be used in determining the treatment
for the time being. Slater suggests the following
method,! which is simple, and, as a rule, sufficiently
accurate: —

“Suppose that we are using two important ingredi-
ents, @ and . We take four small hydrometer glasses
and fill them to a known height with the sewage after
it has received the mixture. Number 1 glass we leave

1 Sewage Treatment, Purification, and Utilization, p. 114,
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too shallow, entirely free from any disturbing influence,
until the time comes when cleaning is desirable. Tanks
for continuous precipitation do not require any consider-
able grade within themselves, and the process may
therefore, where but little fall is available, be preferable
to intermittent precipitation.

Vertical tanks, as has been said, require less space
than the ordinary shallow tanks, and this is an impor-
tant consideration when a precipitation plant is to be
erected in or near a city, where land is expensive.
They have also the advantage that the sludge can be
removed frequently (and consequently in the best con-
dition for further treatment and ultimate disposal)
without interfering with the operation of subsidence.
It has been found, however, that sludge accumulates on
the slope of the funnel-shaped bottom, putrefies there,
and fouls the effluent. To obtain the same completeness
of precipitation the flow through a vertical tank should
be somewhat slower than through a shallow horizontal
tank; for in the former, the rising current directly
opposes the downward motion of the precipitated mat-
ters, while in the latter the influence of the horizontal
current 1s practically nil, the sediment settling with
almost the same speed as in a liquid at rest. The
indications are, that to secure the best results, the
average rate of flow through an upright tank should not
exceed twelve or fifteen feet per hour.

Whether precipitation be intermittent or continuous,
it is necessary to the securing of successful results that
the tanks be frequently and thoroughly cleaned. If



172 MODERN METHODS OF SEWAGE DISPOSAL,

this be neglected, the treatment, however skilful in
other respects, will avail but little. Kach tank should
be cleaned not less frequently than once in three days,
or, better still, every other day. In continuous precipi-
tation, when the flow is run through a series of tanks,
the one which first receives the sewage after the admix-
ture of the chemicals will accumulate the largest
deposits, and will therefore require frequent cleaning.
While the last tank of the series will contain the least
deposit, its determining influence upon the purity of the
effluent is, however, such that, though the accumulation
is less, the cleaning must be frequent and complete. If
the sludge be allowed to remain at the bottom of the
tanks, it soon begins to putrefy and to give off offensive
gases, which rise to the surface in bubbles, interfering
with the settling of freshly precipitated matters, and
partially neutralizing the effect of the chemicals which
have not yet completed their work. As the putrefaction
progresses, the sludge becomes saturated with gas, which
eventually buoys up masses of it to the surface. As
soon as the gas escapes, these putrefying matters sink
again, fouling the contents of the tank and inducing
further putrefaction. The most offensive constituents
of sewage are those which are held in solution. Such
of these as combine with the reagent in insoluble form
constitute the lightest of the precipitated matters, and
therefore settle near the point of discharge. These
matters, being the most putrescible, are the most likely
to rise again in the manner above described, and being
already near the outlet can readily refoul an effluent

4
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The liquid squeezed out of the sludge in the filter-
press is usually discharged into the outfall sewer, or
into the precipitating tanks, to be re-treated. W here
the quantity is small, there is practically no objection
to this; but this liquid is exceedingly foul, and does
not readily yield to further chemical treatment. The
best disposition that can be made of it is to flow it over
a tract of land.

Much has been said concerning the manurial value of
the product of the filter-press,— “sludge-cake,” — and
it has been claimed that a profit on its manufacture
could be realized. This is not to be hoped for, even
under the most favorable circumstances. We shall do
well if we succeed in realizing from it even a trifling
amount against the cost of production. The safer course
to adopt is to consider the sludge-cake as rubbish, to be
got rid of in the cheapest possible way. It is obvious
that its ingredients eannot be more valuable than the
sum of the constituents of the untreated sewage and the
chemicals used in treatment. Of course the latter
can add nothing to the value beyond their own cost.
As a matter of fact, a considerable proportion of them
18 lost, and the remainder exist in insoluble form —
precipitate — which is generally worth considerably less
than the reagent originally employed. Instead of add-
ing to the value of the manure, certain precipitants —
notably lime — actually diminish it, by dissolving some
of the suspended matters, and favoring the production
and escape of free ammonia.

The clements of value contained in the sewage are

N
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containing Liebig’s extract, infusion of tea or a glass
of bitter ale, as largely contaminated with nitrogenous
organic matter or albuminoid ammonia, so chemistry,
by taking a fictitious standard for manures, . . . gives
an arbitrary money value to a manure which is often
exceeded by the price it fetches in the market.” The
market price often falls far short of the theoretical
value, and the selling of sewage manure may be dis-
regarded in all our calculations.

What value the sludge has can be inereased by drying
and pulverizing the cakes. At the Wrexham works,
in Wales, Lieutenant-Colonel Jones, after drying the
sludge until 80 per cent of its moisture has been
expelled, reinforces it by adding seven parts of raw
bone meal and one part of sulphate of ammonia to every
twelve parts of pulverized sludge. This, or some simi-
lar method of artificially fortifying the sludge, is fre-
quently practised in England. It seems probable that
a judicious application of the principle might, at small
cost, in some ecases, make all the difference between
rubbish which could only be disposed of at considerable
outlay, and a fertilizer which could be sold; that is to
say, an expense might thus be turned into a source of
income, but even this is doubtful. It has been sug-
gested that if the sludge-cake cannot be sold as manure,
it may be utilized as fuel for the power plant used to
drive the mixing-machinery, pumps, ete. For this pur-
pose the furnace should be so constructed as to ensure
complete combustion.

Having described the successive operations of chemi-
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narily insoluble and make the effluent even more objec-
tionable than raw sewage which has passed through
filter-paper. A similar increase of the amount of im-
purity in the effluent may be caused by the decomposi-
tion of sludge which has accumulated in the bottom of
the subsidence tanks, and which has not been removed
at proper intervals. The amount of dissolved impuri-
ties that can actually be removed by precipitation ranges
probably from 5 to 40 per cent, and the effluent water
contains, under all ordinary conditions, a large quantity
of putrescible matter, which, sooner or later, must be
resolved into its elements. Where this effluent can be
discharged into a moving body of water of sufficient
volume, this destruction will be imperceptible and
without offence; but where the diluting stream is small,
the results may be far from satisfactory. * At Birming-
ham, Nottingham, Leicester, and elsewhere, the most
perfect chemical processes have broken down, simply
because there has not been sufficient water in the rivers
receiving the effluents to complete its purification.™?
Chemical precipitants have not merely the power of
separating the inert impurities of sewage, but they may,
to a great extent, remove its living organisms. These
orcanisms exist, of course, as matters in suspension,
and they are, like the other insoluble impurities,
mechanically entangled in the coagulum which is
formed, and are carrvied down with the sludge. In
addition to this mechanical removal, certain reagents
undoubtedly act as germicides. Alum has long been

1 Sewage Disposal Works, W. Santo Crimp, p. 161
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*All these precipitation processes do, then, to a certain
extent, purify the sewage and prevent the pollution of
rivers, chiefly by removing the suspended matters from
the sewage; but they all leave a very large amount of
putrescible matter in the effluent water, and at least all
the ammonia contained in the sewage (sometimes they
add to it); the greater part of the phosphoric acid is
precipitated by some of them, while they increase the
hardness of the river water, —a matter of great impor-
tance if the stream be a small one.”

The Royal Commission on Metropolitan Sewage
Discharge, in the Recommendations of its Second
Report, said: —

“We are of the opinion that some process of deposi-
tion or precipitation should be used to separate the
solid from the liquid portions of the sewage. . . .
The liquid portion of the sewage, remaining after the
precipitation of the solids, may, as a preliminary and
temporary measure, be suffered to escape into the river.
Its discharge should be rigorously limited to the period
between high water and half ebb of each tide, and the
top of the discharging orifice should be not less than
six feet below low water of the lowest equinoctial
spring tides. . . . We believe that the liquid so
separated would not be sufficiently free from noxious
matters as to allow of its being discharged at the pres-
ent outfalls as a permanent measuwre. It would require
further purification; and this, according to the present
state of knowledge, can only be done effectually by its
application to land.”
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admitted that the suspended matters are the worst
causes of pollution and nuisance, it follows that the
elarification must effect a great improvement.

“Tt seems also to be the general opinion that the
chemical processes in their best form will also have
some effect in removing noxious matters in solution. It
is difficult to say how much effect will be so produced.
The amount has been differently estimated by different
persons, and probably it may vary at different times,
with different kinds of sewage, and under different
modes of treatment, but it cannot be very large. All
agree that a considerable amount of polluting matter
must be left in the effluent.

“Precipitating processes, though the same in prin-
ciple as those of thirty years ago, have been greatly
improved in detail, and when well worked, are effectual
where the quantity of sewage is not very great, where
the sewage can be promptly treated, and where there is
a running stream into which the effluent can be dis-
charged, in a proportion not exceeding 5 per cent of the
supply of fresh water.

“The effluent ... must be brought as speedily as
possible under an oxidizing influence, either by turn-
ing it into a stream containing suflicient oxygen to
oxidize the organic materials, or by applying it to land,
where it is also brought under powerful oxidizing
influences.

“Should, however, the effluent be kept undiluted, or
should it be turned into a stream in too large quantities
for the free oxygen to deal with, the organisms or their
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work than one which receives crude sewage with its
grosser impurities, and a small area of land will suffice
for the purification of a precipitation effluent, when a
large area would be required for the cleansing of an
equal amount of raw sewage. The definite determina-
tion of the amount of ground actually needed for
completing the purification of the effluent from a
precipitation process will depend, of course, upon the
nature of the land available for the purpose. It is
probably sate to say that one acre will suffice for from
2000 to 10,000 people, according to local conditions.
In order that the standard purity of the effluent may be
maintained, and that due economy may be observed in
the use of reagents, it is necessary that frequent chemi-
cal and biological analyses of both the erude sewage
and the effluent should be made. The simple tests
for determining the treatment of the moment, de-
seribed on pages 163 and 164, must be verified and
controlled by occasional more accurate determinations
of the result. No single analysis of a precipitation
effluent, and no group of analyses of samples taken on
different days but at the same hour, is sufficient proof
of the satisfactory working of a process. The composi-
tion and the strength of sewage varies continually, and,
in order that accurate conclusions as to the general
result may be reached, samples should be collected at
stated intervals, say hourly, during the whole twenty-
four hours, and these mixed in proportion to the volume
of flow at the time of the taking of each sample.
Analyses of the effluent should be made from samples
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sewage to be dealt with. Large quantities can be
treated more easily and more cheaply than small quan-
tities, and the cost of laboratory experiments is prac-
tically of no wvalue in determining the expense of
operating works on a large scale.! (2) The quality of
the sewage, and the possible presence in it of unusual
elements, as of certain manufacturing wastes, requiring
special treatment. (3) The location of the proposed
works, as affecting the handling of sewage, effluent,
and sludge. Unless sufficient fall can be obtained for
gravity flow, the cost of pumping must be included.
(4) The local cost of the chemicals to be used, and the
amount necessary to produce the results required by
the adopted standard of purity. (5) The bulk of
sludge produced, its value,— if it has any,— or the cost
of disposing of it if worthless.

The actual operating expenses will include the cost
of chemicals, of power, of labor, and of repairs and
renewal of plant, ete. To these must be added interest
on the cost of original construction. The cost of
chemicals, which depends on the quantity and quality
of sewage, and the method and degree of purification
adopted, will vary from fifteen to fifty cents per capita
yearly. The cost of power must be calculated in each

1 In their Report to the Metropolitan Board of Works, concerning
chemiecal treatment of the sewage of London, Dr. Frankland and
Dr. Hoffman say: ‘ We beg to express our opinion, based upon the
experience acquired during this investigation, that the disinfection of
vast volumes of sewage can be more easily accomnplished than is gener-
ally believed, and than we ourselves anticipated at the commencement

of our inguiry.”
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quantity that is necessary to neutralize the carbonic
acid. This quantity is the most economical to use, as
a larger quantity would produce no better result, and a
smaller quantity would produce a result poorer in pro-
portion to its cost. With the ordinary sewage at Law-
rence, this quantity of lime is found to be about 1800
pounds for 1,000,000 gallons of sewage; and, at the
wholesale price there of $9 a ton, the annual cost of
lime per inhabitant, upon the assumption that there are
100 gallons of sewage daily for each, would be 80 cents.

“With the other precipitants used,— viz. alum, cop-
peras and lime, and ferric sulphate,— the purification,
with the same cost of precipitants, was not quite so
good with alum as with lime, and was a little better
with copperas and lime, and with ferric sulphate.

“At greater cost, these other precipitants caused
more impurities to be removed; but the increased
amount so removed was not proportionately so great as
the increased cost. . . .

“ The lime process has little torecommend it. Owing
to the large amount of lime-water required, and the
difficulty of accurately adjusting the lime to the sewage,
very close supervision would be required to obtain a
oood result, and, even then, the result is inferior to
that obtained in other ways.

“Precipitation by copperas is also somewhat compli-
cated, owing to the necessity of getting the right amount
of lime mixed with the sewage before adding the cop-
peras. When this is done, a good result is obtained.

The amount of iron left in the effluent is much greater
(4]
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sewage through filter-paper, and the general results ob-
tained by intermittent filtration through four or five
feet of sand:—

Percentagre of
the Albuminoid
CoXDITIONS OF TREATMENT. Ammonia of
the Sewage that
was removed.

Settled one hour, —

With 1800 pounds of lime per 1,000,000 gallons . . 52
With 650 pounds of alum per 1,000,000 gallons . . . 51
With 1000 pounds of copperas and 700 pounds of lime

per 1,000,000 gallons . . . S 67
With 270 pounds of ferric oxide in the fﬂl‘ﬂl Gf ferric

sulphate per 1,000,000 gallons . . . . . . . 59
IO PrecIpiant:. » e v o0 s @ m s w e 21
Filtered through paper . . . 39
Filtered intermittently t.hrough fuur or ﬁve fe.et uf

ST G S R R B T LR e R B 08

*“When the amounts of alum and of ferric oxide were
increased one-third, making their yearly cost 40 cents
for 100 gallons daily, the amount of albuminoid ammo-
nia removed was increased nearly 10 per cent, being, for
alum, 56 per cent, and for ferric sulphate, 64 per cent.

“An average of all of the experiments shows that,
with a cost of 30 cents as above, copperas and lime
mixed in the proportions above given, and ferric
sulphate, remove about 58 per cent of the albuminoid
ammonia; that lime removes about 55 per cent, and
alum removes about 51 per cent.

“At higher costs, copperas with lime, and ferric
sulphate, remove increasing quantities up to about 66
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ments, about five per cent of those in the sewage; while
the number found in the effluent from two of the filters

. . averages five one-hundredths of one per cent of
those 1n the sewage, and the number found in the
effluent from three of the filters averages but two-
thousandths of one per cent of the number in the
sewage, and none of these are believed to come from
the sewage.

*“The best results that we have obtained by chemical
precipitation —and we know of no others that are so
good —leave as much as one-third of the nitrogenous
organic matter of the sewage in the effluent; this is
an abundant food-supply for the unlimited growth of
the large number of bacteria that remain. The number
is called large, because 5 per cent of 700,000, or 85,000,
in a thimbleful, is a large number; and, if any of these
are disease-producing germs, there would be no safety
in turning such a liquid into a drinking-water stream ;
and, whether it would be admissible to turn a liquid
containing from one-third to one-half as much nitro-
genous organic matter as sewage, with abundant baec-
teria, into any other stream, would depend upon nearly
the same conditions that would attend discharging a
less amount of sewage into the same stream. There
would, however, be this difference, and it is an impor-
tant one,— the objectionable appearance would have
been removed, and would not come again, unless, col-
lecting in pools or in eddies or on flats, or rising to the
surface on a liqui([ having greater specifiec gravity, putre-
faction of the remaining organic matter should follow.,
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common property does no injury to the rights of others
who are entitled to a like reasonable use, no action lies;
but an unreasonable use is an actionable injury.” It
is for juries to decide what is reasonable under the
circumstances of a given case.

Riparian owners can abrogate their rights and give
up the stream to artificial uses, as for the turning of
mill-wheels, and long custom may be taken to constitute
such abrogation. Special easements may also be created
“by deed, devise, or record.” Under the common law,
a right which might have been created by grant may be
acquired by long-continued and unopposed possession;
it becomes a right by preseription. The period required
to acquire such prescriptive rights varies in different
States, generally from fifteen to twenty years. It has
been held that such preseription may attach to long-
continued and undisturbed pollution of a stream. Lord
Ellenborough said that, *although the stream may be
diminished in quantity, or corrupted in quality, yet, if
the occupation of the party so taking it and using it
have existed for so long a time as may raise the pre-
sumption of a grant, the other party whose land is below
must take the stream subject to such adverse right.”

Rafter says, “It is believed, however, that in the
present understanding of things, such a view is bad
law, and an attempt will be made to make good that
proposition.” He argues the question with care, and
advances the idea that it is inconsistent for human
beings to pollute that which for their own use should
remain unpolluted, and that “when we understand, as
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the element of putrefaction is not eliminated. Even
such small receptacles for retaining sewage as ordinary
kitchen grease-traps, large catch-basins, cesspools, and
all possible seats of putrefaction should be regarded as
objectionable in any system of house drainage or
sewerage of which the outflow is to be treated by
surface irrigation or filtration, or, indeed, by chemical
precipitation either.

In the competition for the location of the Eastern
Insane Asylum of Pennsylvania, the eity of Norristown
made a very strong and sueccessful argument, based on
the exceptionally good drainage facilities offered by a
small stream, Stony Creek, flowing by the proposed site
and through the city to the Schuylkill River. Soon
after the occupation of the Asylum, a loud outery was
raised against the intolerable fouling of Stony Creek,
and the writer was engaged to devise means for artificial
removal. The details of the system adopted have
already been extensively illustrated and deseribed.

The sewage is received in an open reservoir 40 feet
square and T feet deep. When this reservoir becomes
filled, it is discharged by the operation of an automatic
siphon. Toward the end of the discharge, the walls of
the reservoir are washed down by an automatic sprink-
ling pipe, and its floor is frequently washed with a
hose. The outflow, amounting to about 75,000 gallons,
is delivered through an 8-inch pipe which passes
through a valley under a creek, and rises about 15 feet
to a carrier running along the far side of the irrigation
field, from which it is delivered alternately over each
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is thus maintained a constant current down through the
perforated covers, through the whole length of each
section of the tank, and out by the man-hole shafts,
which are connected with the chimney.

The sewage is delivered to the tank by three 6-inch
lines entering the screening-chamber built out from its
end. Two of these sewers deliver at an elevation
higher than the top of the tank; the other delivers at
the level of the spring line, bringing drainage from
cottages on somewhat lower land than that occupied by
the main buildings. The screen is movable, so that it
may be taken out for eleansing when occasion requires.
It is sufficiently open to admit all but the larger objects
brought in by the sewage to the tank and pump. It is
a great advantage of the centrifugal pump that it so
beats and thrashes the sewage as to reduce nearly all of
its solids to atoms. The force-main is an 8-inch spiral,
riveted pipe leading from the centrifugal pump to the
receiving-well at the absorption field, 1550 feet distant.
This 8-inch force-main has a continuous rise from the
pump to the receiving-well, and the pump has no valve,
so that whenever pumping ceases the contents of the
receiving-well and force-main flow back into the tank,
thus obviating the possibility of freezing.

The field devoted to sewage disposal contains about
thirty acres, level at its upper end and sloping gradually
for the remainder of the distance to an open water-
conrse.

The level portion of the field, about 5 acres, is laid off
in ditches separated by beds. The ditches are in pairs,

r
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ting of the bottom at that point. The absorption- ditches
are eight feet wide at the top, two feet wide at the
bottom, and one and a half feet deep. They are sepa-
rated by beds ten feet wide at the surface. This level
area, with its settling-ditches, may be used for inter-
mittent downward filtration, and as the total capacity
of the ditches is equal to twice the capacity of the tank,
even were there no immediate filtration, the area is
worked in two or three sections alternately. Two or
four of these ditches at the lower side of the field may
be used, if found necessary, as settling-ditches to deposit
heavy matters before delivering the liquid over the
surface of the irrigation-tract below. It has been found,
however, that the churning of the sewage given by the
pump makes such treatment unnecessary.

The capacity of the ditches of the level tract has
proved in practice to be so great as to require little use
of the distributing-ditches in the field below; they are,
however, useful for the irrigation of crops. These
ditches have a fall of 1 to 500 and are used in the
following manner: —

If the flow through a distributing-ditch is arrested at
any point, as it may be by striking a wrought-iron gate
into the earth, making a dam across it to above the top,
the sewage will overflow for a greater or less distance
above the dam, according to the volume of the current.
If the dam is placed first at the lower end of the upper
distributing-ditch this may overflow, for example, 200
feet above the dam. When the ground to be reached
by this overflow has received a sufficient supply of

h
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try by the writer, and has been brought to such a state
of efficiency as to come into quite general use. It is
often called * Waring’s system,” which is a misnomer;
it is, in its origin, much more Mr. Field’s system.
Among other large works of this kind may be men-
tioned those planned by the writer for the disposal of
the sewage of the Women’s Prison at Sherborn, Mass.,
and of the village of Lenox, Mass. Somewhat later
Mr. Croes used the same system at the Lawrenceville
School in New Jersey, discharging his tank by inter-
- mittent pumping, instead of the intermittent action of
an automatic siphon. For domestic use in connection
with suburban houses, the system has been very widely
adopted.

In 1884, the writer used a flush-tank for the accumu-
lation of the sewage of a large country house near
Baltimore, delivering its discharge with satisfactory
results directly on to the surface of the ground, instead
of into sub-surface absorption-tiles.

When sewage is delivered into porous absorption-
drains laid in the surface soil, it soaks away into
ground, which is sufficiently penetrated by air to facili-
fate bacterial growth. When sewage is delivered over
the surface of the ground the process is substantially
the same, but exposure to the air is more complete, and
oxidation is, within suitable range of temperature, pro-
portionately active. In all work of sewage disposal,
the conditions essential to bacterial oxidation must be
kept constantly in mind, and as much as possible
favored. The process being in all cases the same, the
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Although it was not the intention to enter in this
volume so far into the practical technicalities of work
as to use any considerable number of diagrams in
illustration, it is thought that, as the system under
discussion, though largely used in a few Eastern neigh-
borhoods, is still little known over the country gener-
ally, it will be proper to make an exception here, and
to reproduce, from a deseriptive article, published in
the American Architect for March, 1892, the diagrams
accompanying 1t.

Fig. 5
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Figure 5 shows the construction of the double-
chamber tank. The settling-chamber A is a small,
round cistern with a wide throat—not less than
eighteen inches diameter — to facilitate the removal of
its scum and deposit. It receives sewage from a pipe
turned down through the dome and barely trapped
against the return of air—if deeply trapped, grease
accumulates and obstructs the drain; with this slight
trap, the flow from an ordinary house suffices to keep



218 MODERN METHODS OF SEWAGE DISPOSAL.

it free. It overflows through a deeply-trapped pipe
into the discharging-chamber D. It is divided by a
wall into two chambers, the top of the wall being just
at the overflow line. The compartment B, on the
inlet side, has its water considerably agitated by the
inflow. Before the dividing-wall was adopted, this
agitation was communicated to the contents of the
whole chamber, and flocculent matters, which would
settle to the bottom or float to the top in still water,
were carried over by the current into the discharging-
chamber. This agitation is now confined to the com-
partment B, from which the liquid portion flows to the
compartment (' in a thin sheet over the top of the wall,
in such a manner as not to disturb the contents of this
second compartment, allowing floceulent solids to settle
quietly to its bottom. Under some circumstances,
perhaps due to a higher temperature in the sewage, and
this to its larger amount, the decomposition of the
sediment and of the scum is sufficiently active to
prevent accumulation to an injurious amount. In such
cases, the settling-chamber need never be cleaned.
This is not to be depended upon without occasional
inspection. In the majority of cases it is necessary
every few months to bail out the chamber and get rid
of its accumulations, which should be buried or dug
into the ground at once.

The liquid overflow from the settling-chamber A to
the discharging-chamber D represents practically the
full amount of sewage brought down by the drain.
The discharging-chamber should be made large enough
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to hold the product of at least twelve hours; there is no
objection to its retaining twenty-four hours’ supply,—
a longer retention would lead to too much putrefaction.
This chamber is furnished with an automatie siphon ; the
one shown is what is known as the Rhoads-Williams

siphon., Its details are shown in Figure 6.

—y W B T
e el e e

il " S SR S ey Sl )

—— s . —— — —

TANK

It depends for its action on the sudden releasing of
compressed air contained between the inflow from the
tank and the deep trap near the outlet. When the
pressure is sufficient to force the water in the blow-off
trap @, a@ to the bottom of this trap, the air-pressure 1s
released, and the head of water, which it had held in
the tank, forces a full flow into the siphon and brings it

rapidly into action. Air is introduced for the breaking

of the siphon after the main flow has ceased by the
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discharging-chamber. The tile, caps, and gutters are
shown in Figure 21.

If the soil is heavier, the length must be increased.
An impervious clay is not well suited, under any
circumstances, for this use, but where nothing else is
available there should be at least three feet of tile per
gallon. The tile may be one continuous line, or a
number of shorter lines, connected with the 4-inch main
leading from the flush-tank. The tiles need not be
more than three feet apart, though twice this distance
is not unusual. In fact, the system is in this respect
a very flexible one, and can be adapted to land of any
shape or inclination. The fall of the main line from
the tank to the absorption-drains should not, especially
after coming within 20 feet of the first line of tiles,
have a fall of more than 4 inches to 100 feet. Its joints
should be cemented, and the branches for connection
with the tile lines should come out from the bottom of
the tile, not from the middle, as is usual with branches
of vitrified pipe. Speeial pieces for this purpose are to
be obtained from the dealers. The absorption-lines
themselves should have a fall of not more than 2 inches
per 100 feet: more than this gives a tendency to an
accumulation of sewage at the far end of the line, and
if the line is long, to a breaking out of the sewage at
the surface.

Figures 7, 8, and 9 show three different methods of
applying this system according to variations of the
ground. In each case the dotted lines are contour-lines
showing differences of elevation of one foot.
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the house and econnects, as shown, with three series of
three drains each. The land is much more nearly
level, and the nine absorption-drains are in ground
having a total fall of only one foot.

In Figure 9 the flush-tank is fed by a single drain,
not straight, and connects with its alternating gate.
There are two series of drains, four on one side of the
field and four on another, while a third line conneects
with the series of three shorter drains on each side of
the medial line.

The flush-tank may be placed in any position and at
any distance from the house, and the field may be at
any distance from the flush-tank to which a proper fall
can be obtained.

One modification of this system which will obviate
much of the difficulty by requiring a greatly reduced
retention of solid matters, where indeed a coarse screen
may, in some cases, be made to hold back all that is
necessary to retain, consists in the use of larger absorp-
tion-tiles, say 4-inch or 6-inch, with open joints, fully
one-half inch wide and laid in coarse gravel or other
very open material just under the surface of the ground
in two, or better, three series, each of which has
sufficient capacity in its pipes to receive the entire
contents of the tank at each discharge. The discharge
being at intervals of from twelve to twenty-four hours,
the liquid sewage with its soluble and its finer suspended
impurities will have ample time to leak out into the
soil; and during the period of intermission, while the
other two series of drains are being used, worms,
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would also constitute an important objection. No
method has as yet been devised by which the whole
process could be appropriately carried on on the front
lawn of a dwelling-house. We have, however, arrived
at a point where, even in a reasonably secluded back-
yard, all of the conditions may be satisfied. Setting
aside exceptional cases, where only the sub-surface
system with a double-chambered flush-tank would be
acceptable, the work may be done in a great majority of
instances by a system of surface disposal or of sub-surface
disposal with large pipes, with an automatic flush-tank
which may at all times be thoroughly aerated and which
may be cleansed with sufficient frequency to prevent
odor from its sliming. Espeecially in connection with
such a flush-tank can the ventilation of the main drain
and soil pipes be maintained with such completeness
as to prevent the accumulation of odors in them. The
objection to placing a flush-tank of this character quite
near to a house is rather fancied than real.

The nearer it is and the more constantly subjected to
inspection, the greater will be the certainty of keeping
it always in good condition. On the other hand, the
farther from the house, the more will the solid parts of
the sewage be broken up in transit, the less imperative
will be the need for serupulous cleanliness, and the less
the care required; civilized living, however, requires
great care in all such matters. Civilization is only
lately beginning to take cognizance of this requirement,
and the public at large is still disposed to like best a
system which calls no attention to itself, and of which
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ornamental pan-closet, even though built around with
polished rosewood.

Unquestionably, the same principle will apply in the
case of apparatus for the disposal of sewage outside of
the house. The cesspool, the vault, and the double-
chambered flush-tank will soon have become things of
the past, among those who care for good sanitary condi-
tions. Their places will be taken by some device
having the essential features of the system described
below, combining efficiency with the possibility of, and
the demand for, perfect cleanliness. This being accom-
plished, the “horrid drains ” will soon cease to exist, or
to be thought about.

It is not to be supposed that this precise manner of
applying the system will long remain the accepted one.
But the principle of the arrangement seems to embody
all the elements of permanence. This principle may be
thus stated: —

Deliver the sewage as soon as produced, through thor-
oughly flushed and ventilated pipes and drains, to a point
outside of the house; hold back its coarser substances by
some form of screen which will allow everything to pass
that can, in an unobjectionable way, be disposed of with
the sewage; accumulate the regular flow through the
drain in a receptacle large enough to hold the supply of
a few hours, or of a day, as the case may be; the
receptacle becoming full, discharge its contents auto-
matically, rapidly, and completely on to the surface of
the ground, or into drains immediately below  the
surface, for its final, complete, and inoffensive disposal;
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arrange the screen and tank in such a way that they
may be kept in a cleanly condition with little labor
and without requiring the constant supervision and
nagging of the master of the house. The appliances
shown in the Figures 13 to 20, and the method of
working described in connection therewith, seem to
constitute a satisfactory application of this prin-
eiple.

Figure 13 shows a vertical, longitudinal section,
Figure 14 a plan, and Figure 15 a vertical cross-section
of a new form of flush-tank of which the inside
measurements are, a width of one foot eight inches, a
length of six feet, and a height of two feet. At a
distance of four inches below the top on the long sides,
a ledge two inches wide is formed by setting the brick-
work of the walls that far back.

This ledge is intended to receive wire-cloth screens
twenty-four inches square, shown in Figure 17. The
length of the tank may be increased to any number of
multiples of two feet in order to obtain the desired
capacity. A tank eight feet long would take four
screens, a tank ten feet long, five screens, etc. The
uniform width is maintained, as the screens are made
only in the one size, and as they would be liable to
sag if much wider between their supports. The bot-
tom of the tank is so graded as to deliver its contents
entirely at the centre of the discharging-end, where
there is a depression equal to the receiving-height
of the throat of the siphon at its narrowest part.
At the end of the tank there 1s built a recess fifteen
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covering-screens, Figure 17, should be removed, after
discharging the tank, and its walls and bottom should
be thoroughly swept down, the sewage accumulated in
its outlet being suflicient for such washing. As above
indicated, the frequency with which this cleansing
should be performed may vary according to nearness
to, or remoteness from, the house, walks, ete.

Figure 22 shows the masonry construction of this
tank, the material being brick glazed on the inner face,
and marble or other slabs at the top.

The tank is discharged after its contents reach a
certain height by the action of a Rhoads-Williams auto-
matic siphon placed entirely outside of the tank, having
a funnel-shaped inlet for the entrance of the sewage.
This siphon will require no attention. Whenever the
tank fills to the discharging-line, the whole accumula-
tion will flow out rapidly, and when the flow ceases the
siphon will “break,” allowing no further discharge until
the tank has filled again.

The tanks may be built of ordinary brickwork laid
and coated inside and out with PPortland cement, or
with stone or concrete similarly coated. They may be
cheaply but simply made, or they may even be lined and
capped with white marble. Another excellent material
would be white or straw-colored glazed bricks laid with
close joints. Elegance of finish will not be altogether
useless; for the finer they are the more easily and the
more certainly will these tanks be kept in good condition.

In a single case, all others so far heard from working
satisfactorily, it was found that the floceulent matter
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and (', the gates a, b, and ¢ regulating the distribution.
In A and B the sewage is delivered along the upper
edge of gently sloping land. If the land is steeper, the
gutters or barriers must be nearer together to equalize
the flow. Water escaping from the upper gutter, or
barrier 1, is collected again for a uniform flow at bar-
rier 2, and again at barrier 3. Disposal for section
B operates in the same manner. On section C, the
gutters or barriers being much longer, only two are
needed. These illustrations are not drawn to scale,
and are only intended to illustrate the general features
of the process. The gutters or barriers must be abso-
lutely horizontal, and so arranged that the sewage
escaping from them will flow evenly over the land
below. The distribution may require the cutting of a
leader-furrow here and there in the grass with a spade.

This method of surface irrigation removes absolutely
all impurity from the sewage; what becomes of it after
it has passed over a sufficient area of ground is imma-
terial. If it escapes into the brook or other water-
course, it will by that time have become purer than the
water of the brook itself.

Figure 19 shows a system in which the same tank is
used, receiving the flow from four house-drains, and
delivering its sewage into absolutely level, wide
trenches, of sufficient length. In the case shown, there
are two of these trenches returned on themselves to give
sufficient length. They are marked @, a, a, and b, b, &.
In connection with the same system, there is shown a
system of surface irrigation on sloping land. The sat-












CHAPTER XVIII.

CONCLUSION.

IT has been the purpose of this work to set forth, in a
simple way and in terms as free as possible from tech-
nical nomenclature, the principles and the practice of
sewage disposal, which have been slowly developed
since the time of the publication of the first report of
the Health of Towns Commission, in England, fifty
years ago (1844).

The purpose has been, not so much to give specific
information to engineers, as to inform the public at
large, and especially those whose official positions, as
members of Boards of Health, and of committees of
councils, etc., bring them face to face with the practical
sanitary problems which present themselves in all
communities, and which become more and more serious
as the work of removing liquid wastes by sewers
progresses.

There has been, thus far, little popular knowledge
of the subject, and consequently little demand for
improved methods of disposal. Practical information
concerning these has been mainly confined to a few
specialists who have given it particular attention, and
the most active influence is often exerted by those
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as regards water-supply and drainage; that its increase
will continue to be in direct proportion to such improve-
ments; and that, as these improvements are as yet very
partial, the nuisance of sewage, already very sensibly
felt, is extremely slight as compared with what it will
become when sewage and drainage works have been
carried into full effect.

*3. That In many towns measures for improved
water-supply and drainage are retarded, from the diffi-
culties of disposing of the increased sewage which
results from them; that the law which regulates the
rights of outfall is in an anomalous and undefined
condition; that judicial decisions of a conflicting char-
acter have been arrived at in different instances, and
that consequently the authorities of towns have con-
stantly before them the fear of harassing litigation.

“4, That the methods which have been adopted with
the view of dealing with sewage are of two kinds: the
one being the application of the whole sewage to land,
and the other that of treating it by chemical processes,
to separate its most offensive portions; that the direct
application of sewage to land favorably situated, if
judiciously carried out and confined to a suitable area
exclusively grass, is profitable to persons so employing
it; that where the conditions are unfavorable, a small
payment on the part of the local authorities will restore
the balance.

“5. That this method of sewage application, con-
dueted with moderate care, is not productive of nuisance

or in‘ju:'}r to health.
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Wayne, Pa., 68,

INDEX.

Straining and sereening sewage, 57,
106, 154, 1556.
areas to be paved, 110.
Straining tanks, as used at Newport,
R.1., 144.
choking of, 144.
cleansing of, by aeration, 144.
degree of purification obtained by
use of, 144, 147.
no renewal of filtering material
necessary, 145, 148, 149,
rate of flow through, 144, 147.
Streams, volume of, may not be le-
gally diminished, 199,
water of, must not be polluted to
detriment of others, 156, 199.
Subsurface irrigation, 214.
at Lawrenceville School, N.J.,
215.
at Lenox, Mass., 214.
at Women's Prison,
Mass., 215.
Surface irrigation at country house
near Baltimore, 215.
for isolated houses, 234,

Sherborn,

Tanks for chemieal treatment must
be of ample size, 154, 165.
for chemical treatment, form and
depth of, 166, 164,
for chemical treatment, should not
be covered, 167.
for chemical treatment, vertical
form, 168.
must be thoroughly cleaned, 154,
170, 171.
Thames River, as affected by London
sewage, 3.
Tidy, Dr., 24, 169.
Tile for subsurface irrigation, 220.
‘* horseshoe,’” 224.
size of, 223.
Tinette filtre, 11.
Tooth-screens for straining sewage,
59.
Traps, proper size for, 36.
Turin, Report of Commission of, on
sewage disposal, 1584,
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but who may, nevertheless, have enough sense of official responsibility to wish to
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here given, for one advantage of the newness of the science is that it has not yet
sccumulated a technieal jargon, and the book is composed throughout in the English
language.”' — New York Times.

“This volume, which might have been a dry and technical disenssion, fit only for
engineers, is a clear and interesting account of its title subject. Colonel Waring’s facility
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In part it is an appeal to the laity, but not at the sacrifice of honesty. . . . While not
endorsing as unimpeachable every proposition advanced, we do frankly advise that
this may be taken as general anthority over the wide range it covers, and as such be
admitted to an honorable place in every public library, and as a reference book for
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“ We have before us one of the most elaborate and important additions to the literature
of sanitary engineering published. The advancement of sanitary science has come to em-
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News.

“(Colonel Waring’s book is in his well-known clear, concise, and forcible style, and
the publishers have nothing failed in their art to make it attractive. FPhysicians will
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towns planning sewerage it is well-nigh indispensable.” — Boston Medical and Surgi-
cal Journal.

“ None acquainted with the subject need to be reminded that Colonel Waring is not
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